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ABSTRACT 
The study aimed to estimate the dispersal rate of wild cabbage 
root flies in agricultural systems,to test a migration hypothesis 
and the predictions of a computer simulation model. 
The dispersal rate was determined by a new method,from the 
age-grouping of wild flies instead of releasing marked culture flies. 
The mean distance dispersed was calculated from-the slope of density 
of captured flies on. distance;the mean age was calculated from 
laboratory measurements of development at constant temperatures. 
A new method of male age determination was developed, based on 
the changes in pupal fat and testes colour.The published method of 
female age determination was improved to aflow more rapid separation 
of nulliparous and parous flies. 
' ' The values of the slope'and intercept fitted to the-density:.. 
distance data~ strongly correlated.A computer simulation 
demonstrated that random noise causes a progressive underestimation 
of the slope,as the catch decreases.The slope for gravid females 
reaches a limiting value of approxiamately 0.2,indicating a mean 
dist~ce dispersed of 500m.A numerical integration suggests that 
95% of the flies move less than 580m.There was ·no·· evidence of the 
female migratory phase,proposed by Finch & Skinner(1975),~hich was 
probably an artefact of the use of ANCS attractant.The dispersal rate 
was estimated at 49-165 m/day,compared with 29-87 m/day predicted 
by the simulation model. 
There was little evidence that dispersal alters with agricultural 
practice~A proportion of the first generation were found to delay 
emergence on one site,which may be connected with the planting of_-
fodder brassica crops at midsummer. 
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SECTION ONE 
INTRODUCTION 
CHAPTER I 
(a) The cabbage root fly 
The ·cabbage root fly (Delia radicum L., Diptera; Anthomyi.idae) 
(Pont, 1981) is a major pest of cruciferous crops in Europe and North 
America. In Britain·, the insect causes the most serious damage on 
cauliflowers and cabbage, but also attacks broccoli, Brussels sprouts, 
kale, mustard, radish, rape, swedes and turnips (Coaker & Pinch, 1971; 
Anon., 1973; Thompson, 1978). The pest can also develop on a wide 
range of cruciferous weeds (Pinch & Ackley; 1977). ' 
The eggs are laid in the soil around the· base of the stem of a 
host plant, although a small proportion of eggs may be laid in the 
developing buttons· of Brussels sprouts (Coaker, 1967). The larvae 
emerge to feed on the root tissue. passing through three ins tars; until 
pupating iil·.the soil around the roots. The. cabbage root fly over-
winters· as a pupa, entering-diapause in.the autumn when subjected to 
low. temperatur~s and short ·day lengths (Coaker & Pinch, 1971; Soni·, 
!976). The diapause development is completed by exposure to low 
. . .. . . 0 . . 
temperatures·(e.g. 4-5 months at 3-5 C; Coaker & Pinch, 1971). The 
emergence of adults in ·the spring can be predicted from the day degree 
accumulation from February 1st (Coaker. & Pinch, 1963; Pinch, 1977), 
and coincides with the flowering of a. common hedgerow plant, 
Anthriscus sylvestris (Coaker & Pinch, 1971; Anon., 1973). 
The adult forces its way to the surface, using the ptilinum 
oituated on the anterior surface of the head. The percentage of. adults 
emerging from the pupae does not depend on the depth in the soil, but 
while 70% successfully reached the surface from a depth of ).75-15 cm., 
only 20% were successful from 30 cm. (Pinch & Skinner, 1980). The 
farm cultural practices (ploughing, etc.) can significantly affect 
the emergence of adult cabbage root flies (Pinch & Skinner, 1980). 
- 1 -
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The females usually feed on the 2nd and 3rd days after emergence 
under laboratory conditions, mate on the 4th day and commence ovi-
position on the 5th and 6th days (Hawkes, 1972b). The females usually 
mate only once, but the males can mate up to 40-70 times from two days 
after emergence until they die (Coaker & Finch, 1971; Price, 1973). 
A source o£ carbohydrate is required for the development of the first 
batch of eggs, and protein i-s also required for the second and subse-
quent batches (Finch & Coaker, 1969b; Finch, 197la). The majority of 
flies in a large field cage were found to feed only on carbohydrates, 
with chromatographic analysis indicating. that only 3-6% of females 
had matured or were capable of maturing a second bat·ch of eggs (Finch, 
197lb). A wide range of flowers -·are capable of supplying the carbo-
hydrate requirements (Finch, 1974b)l and the availability of flowers 
is thought to aggregate the flies at the hedgerows (Hawkes, 1972b, 
1973; Finch & Skinner, 1973b). The females move away from the he~ge­
rows. to search for sui table host plants for oviposition, as they . 
·become gra~d (Hawkes, 1972b; 1973). The gravid females are respon-
sive to host plant odour, and will move upwind to a host crop from 
up to 30 m. downwind (Hawkes, 1974, 1975). The host plant odour, and 
possibly also visual stimuli, bring the. fly into contact with the 
leaves. If the fly-receives a suitable contact chemostimulus, it 
moves· down the plant and searches with it-s extended ovipositor for a 
suitable crevice in which to lay the eggs (Traynier, 1967).-
The larvae burrow through the roots of the host plant, allowing 
the entry of pathogenic soft rot bacteria and fungi. The plants can. 
be attacked at all stages, although the young plants are the most 
vulnerable. Plants attacked at the seedling stage, or soon after 
transplantation, often wilt and die, and in severe cases, the plant 
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collapses due to the destruction of the entire root system. The more 
mature plants can tolerate quite large populations of flies, with few 
obvious symptoms, although there may be a reduction in the yield 
(Wheatley & Coaker, 1969; Harcourt, 1970; Strandberg & Denton, 1976; 
. . 
Getzin, 1978). In crops grown for their roots (e.g. swede, radish) 
even slight superficial damage can seriously impair the quality for 
human consumption. The eggs laid in the buttons of Brussels sprouts 
are a problem, particularly in crops grown for freezing (Coaker, 1967). 
There are normally two generations in northern Britain, with three 
generations in southern Britain (Smith, 1927; Shaw, 1971; Pinch, 1977). 
The most concentrated attack generally arises from the overwintering 
(f~rst) generation (Anon., 1973)-. 
(b) The agricultural production of brassicas in S. W. England. 
The cruciferous crops are grown in a variety of cropping patterns, 
which have consequences for the control of cabbage root fly. The 
summer maincrops (Brussels sprouts, cabbage, cauliflower) form the 
bulk of cruciferous vegetable production, and are planted in the 
autumn or spring to be ready for consumption in the following spring, 
summer or autumn (Lockhart & Wiseman, 1978; Halley, 1982). A smaller 
area of early maincrops are grown to provide vegetables when fresh 
supplies are limited. These .crops are either planted in spring for 
winter consumption, or in the autumn for spring consumption. They 
require a mild frost-free winter to avoid damage to the young or 
maturing plants. Large areas of-fodder brassicas (e.g. turnips, 
swede, rape, kale) are grown for winter animal feed. These are nor-
mally grown as catch crops, planted in the late spring or summer for 
winter consumption. There are also specialised crops, such as oil-
- J -
TABLE 1 
A comparison of the average areas of brassica crops 
grown in S.V'I. England and in England&Wales. 
Winter cauliflower 
Winter cabbage 
Spring cabbage 
Summer & autumn 
cauliflower 
Summer & autumn 
cabbage 
Brussels sprouts 
Turnips&swedes 
(for stockfeeding) 
Turnips&swedes (for human · · 
consumption) 
Kale 
Area grown( hectares) 
s.w. England& Proportion 
England Wales grown in S. W. 
1;701 5952 
( % ) 
28.6 
207 3486 5.9 
1190 8743 13.6 
355 8225 
306 5357 
642 13893 6.7 
467750 3118360 15.0 
1171 4641 25.2 
119700 355640 33.6 
Source : t~ Agricultural statistics 
The South West is defined as the counties of Avon,Cornwall, 
Devon,Dorset,Gloucestershire,Somerset,Wiltshire. 
Average 1975-1978 
---~--
seed rape ~or oil extraction and mustard for condiment manufacture. 
The s. w. England is an important producer of earlyvegetables 
(Table 1), because of the mild winters. The bulk of the region's 
production comprises spring cabbage and winter cauliflower, which can 
be conveniently fitted into the predominantly dairying or livestock 
rearing pattern (Leat, 1980). There is a concentration of intensive 
horticultural production ins. W. Cornwall and in the South Hams of 
Devon, because of their favourable southerly aspect. 
The South West is generally not a major source of maincrop prod-
uction, which ie largely concentrated in Eastern England. The main-
crop brassicas are bulky crops ·of relatively low value, which cannot 
bear heavy transport costs and are most economically produced by 
large-scale mechanised production. The growing of Brussels sprouts 
has become concentrated close to the packing or freezing factories 
(Wheatley, 1972) •. Large areas of swedes and turnips are grown on the 
red sandstone soils of Devon and Somerset (Table 1). These red soils 
produce large, well-shaped and well~flavoured swedes, which can remain 
in the ground throughout the winter. The fodder brassicas are widely 
grown in the region (Table 1) to provide winter feed for the dair,y and 
livestock farms. 
Brassica crops are commonly grown throughout the year on inten-
sive horticultural holdings, so insecticide has to be applied to all 
crops to prevent:a build up of pests. The fodder brassicas are no~ 
mally planted at midsummer during the second generation of cabbage 
root fly. These farms often do not grow any other brassica crops, so 
the first generation is controlled by the lack of suitable host plants 
' 
and control measures are not required. A small population of cabbage 
root fly can survive on the wild crucifers in the hedgerows, or by 
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long-distance dispersal. The population will only increase slowly 
during the second and third generations, but some damage is acceptable 
in a crop grown for animal consumption. 
(c) The agricultural control of cabbage root fly 
The cabbage root fly is currently controlled by routine appli-
cations of insecticide at the time of sowing or transplantation (Anon., 
1973; Thompson, 1978).· The insect has developed widespread resistance 
. . 
to the organochlorine insecticides (Coaker, Mowat & Wheatley, 1963; 
Gostick & Baker, 1966), and today control is reliant on the organo-
phosphorus and carbamate insecticides (Anon.·;-1983a). These later 
insecticides require careful and accurate placement for effective 
control (Bevan & Kelly, 1975; Mowat, 1975)_, and are more toxic to 
both the operators and crop plants •. Some of the insecticides (e.g. 
chlorfen~nphos) are less toxic to the predatory ground beetles 
(Mowat & Coaker, 1967), which are responsible for the death of a 
. I 
large proportion of cabbage root fly eggs (Coaker,- 1965; Freuler, 1975; 
Mowat & MartiD,_l981). The organophosphorus and carbamate insecti-
cides are considerably more expensive than the organochlorine·types, 
and are broken down more rapidly in the soil, so will not provide 
effectiY-e.protection throughout a season (Beynon, Hudson & Wright, 1973). 
In practice, it is oniy'necessary to protect the crop during the cri_. 
tical few weeks after transplantation, because the established plants 
can.tolerate-.quite high populations with little effect on the final 
yield (Wheatley & Coaker, 1970). The developing buttons of Brussels 
sprouts require treatment, since even a low level infestation can lead 
I 
to the rejection of a crop grown for.packing or freezing (Coaker, 1967; 
Wheatley, 1972). 
- 5 -
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The dependence of agriculture on synthetic insecticides could be 
a vulnerable position, if the cabbage root fly develops resistance to 
the limited range ·of available insecticides. The synthetic pyrethroids 
are the only new insecticides that have been introduced in~recent 
years, and they are relatively ineffective when applied to the soil. 
The spiralling costs of· development of new pesticides makes it 
unlikely that any significant new compounds will appear in the near 
future (Brown, 1977). ·There is currently no evidence for the develop-
ment of resistance ·in cabbage root fly (Thompson, 1979)~ but the 
organophosphorus insecticides are known to induce resistance more 
slowly than the organochlorine types, although severe cross-resistance 
can develop even to unrelated compounds (O'Brien~ 1967). 
Some of the newer cropping policies are encouraging pest problems 
by demanding high levels. of control. The insect is increasingly ex-
posed to the insecticide, which may be foreshortening its useful life 
(Luck, van den Bosch 8c Garcia, 1977). There is a need to develop 
methods to replace or augment the conventional insecticides.· The 
development of resistance can be slowed by lowering insecticide dose 
levels, or applying insecticides only when the population exceeds a 
threshold level, or by the intentional retention of susceptible indi-
viduals in noncrop areas or in untreated segments of the crop 
(Georghiou 8c Taylor, 1977). These simple changes in dosage or treat-
ment schedule may result in higher pest populations, which may be 
currently unacceptable to the processor or the con3umer. Nevertheless 
the insecticides are expensive, and any reduction in their usage. could 
be both biologically and economically valuable. A recent development 
l 
has been the transplantation of plants raised in peat blocks, to 
which insecticide can be added (Saynor, Davies 8c Brown, 1982). The 
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method allows an accurately controlled dose of insecticide to be app-
lied to the roots, and permits a reduced rate of insecticide applica-
tion and bett.er establishment of the plants. 
(d) Modern trends in agricultural practice 
~odern development in agronomic techniques and changes in con-
sumer demand have led to altered cropping policies, which have aggra-
vated old pest problems and introduced new ones. 
The farms and their fields show a continuing trend towards inc-
reased size; for greater efficiency in production (Gair, 1972; Strick• 
land, 1972). The higher labour costs have led to increased mechani-
zation and a reduction in the labour force employed (Strickland, 1972). 
The high capital costs force the growers to specialise, so that crops 
are grown in shorter rotations, which can lead to a build up of soU 
pest problems (Strickland, 1972). 
Modern·herbicides eliminate the need for mechani:cal weeding alid 
removes many of the. traditional restrictions on crop spacing. The 
~ 
spatial arrangement of the crop can be used to adjust the size and 
quantity of the crop. A high plant density allows -the production of 
small uniform vegetables for packing, and can ameliorate the effects 
of pest attack (Finch & Skinner, 1976; Finch, Skinner & Freeman, 1976). 
The development of precision drilling allows ver,y uniform stands to be 
grown, with the possibility of 'once over' harvesting, which requires 
a high degree of control over pest populations (Vfueatley, 1972). 
There is a trend towards earlier planting of brassica crops to 
provide a longer.growing season and higher yields. The extension of 
I 
brassica availability, particularly in the first generation of cabbage 
root fly, could lead to higher fly populations and increased pesticide 
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usage. The growing of swedes and turnips for animal consumption· is 
declin:ing as farmers switch to grass ensilage, or leaf bras si cas 
which can be ensiled or grazed off the field. 
An increasing proportion of vegetables are being grown for 
packing or freezing, which has led to a concentration of production 
close to the factories (Strickland, 1972; Wheatley, 1972). The pro-
duce is required to conform to sophisticated specifications for uni-
formity of size and freedom from pest damage (Wheatley, 1972). The 
emphasis on aesthetic considerations has undoubtedly led to an inc-
reased use of inse.cticides. The producer has a very large. investment 
in the crop (seed, herbicides,- mechanical equipment), and· the·::·· 
. 
insecticide treatments represent only a small proportion of the total 
cost (Wheatley & Coaker, 1970; Cruger, 1980). The producer dare not 
omit any treatment, and such·insurance treatment probably leads to 
considerable unnecessary use· of pesticides. 
(e) Alternatives to chemical control 
The. inseCt;icid~s kill the eggs and newly-emerged larvae, but the 
cabbage root ~ly might equally be controlled by the prevention of 
egg development or disruption of host plant location. 
The female flies require carbohydrate for egg production (Pinch, · 
197la), which is normally obtained from hedgerow·flowers (Pinch, 197lb, 
1974b). The removal of the hedgerow flowers wo~ld be-expected to 
prevent egg development, but in a field experiment there was no sig-
nificant reduction in the number of eggs laid (Pinch, 197lc). The 
experiment was designed on the basis of an underestimate of the dis-
1 
persal range of the flies, so females were able to disperse in from 
surrounding untreated areas. 
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The development of viable eggs can be prevented by the sterili-
zation of the males or the females. The wild population of flies can 
be sterilised using the chemical TEPA, contained in an attractive bait. 
Chemosterilization was effective in preliminary laboratory and field 
cage trials', producing 70% egg sterility (Coaker 8c Smith, 1970). The 
egg sterility rarely exceeded 30% in an open field experiment, which 
was attributed to immigration of unsterilised males and females, the 
emigration of the sterilised females, a reduction in the competitive-
ness of the sterilised males and a failure by' the mal'Eis to disperse· 
·once sterilised (Finch 8c Skinner, 197Ja). 
Hawkes 8c Coaker (1977) developed a model relating egg sterility 
to parameters of mating and reproduction. The combined effects of 
dispersal and reduced male competitiveness could not account for.the 
low observed sterility, and they suggest that the baits were·located 
in suboptimal positions, so the treatment was relatively ineffective 
against fEnnales. The model Suggests that a maximum of 68-8)% steri-
·lity could be achieved with ari efficient chemosterilant and isolation 
from untreated flies. 
The laboratory-reared cabbage root flies can be sterilised by 
irradiation, and in a field trial a yield of marketable curds was 80% 
of.that obtained from a control crop treated with insecticide 
(Hertveldt, van Keymeulen 8c.Pelerents, 1980). The release of sterile 
insects is theoretically capable of more effective control than the 
use of chemosterilants. · The chemosterilant affects a constant pro-
portion of the population, and will become less effective as the 
population size decreases (Finch, 1980). The release of a constant 
number of sterile insects, while· the natural population is declining, 
will become increasingly·effective as the ratio of sterile to normal 
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insects increases with each generation. The method is capable of 
eliminating a pest in an ideal isolated situation (La Chance, Schmidt 
&: Bushland, 196"7). In practice, the effectiveness depends on the 
release of ~ficient sterile individuals relative to the wild popu-
- - lation, and on the immigration from outside the area. The mass 
rearing of flies is an expensive and labour-intensive process, so it 
will be difficult to release sufficient sterile flies in a full s'cale 
agricultural environment• 
The cabbage root flies might be controlled by capture in yellow 
water traps, especially with· the use of attractive chemicals such as 
allylisothiocyanate (ANCS)(Pinch &: Skinner, 1974a, 1982a; Pinch,.l980). 
The ANCS is particularly attractive to gravid females, which respond 
by upwind orientation (Hawkes &: Co.aker, 1979). The traps were found 
to be ineffective in reducing the population level -(Pinch &: Skinner, 
197lc)~ because the traps were capable of attracting flies from a 
short distance (Hawkes, 1973; Pinch&: Skinner, 1974a; 19B2b) and 
capture only a small proportion of the flies present in the attrac-
- tive radius (Finch &: Skinner, 1974a, 1982a). Hawkes (1980) proposed 
that the high concentration of ANCS close to the trap may inhibit the 
positive anemotaxis of gravid females, and that.the catch might be 
enhanced by the separation of the ANCS dispenser and the trap, but 
this was found to not increase the catch of flies (Finch &: Skinner, 
1982b). A variety of natural and synthetic isothiocyanates have been 
tested for their attractive ability, but none were found to be more 
effective than ANCS (Pinch&: Skinner, 1982a). There is the possi-
bility of protecting the individual crop plants by anti-attractants 
(repellents)(Pinch, 1980; den Ouden, 1980; Pinch&: Skinner, 1982a). 
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The application of insecticides against cabbage root fly also 
reduces the insect predators and parasites, so there is a tendency 
for pest resurgence because of the slower recovery by the predator 
and parasite populations (Coaker, 1966). The predators and parasites 
provide an important check on the cabbage root fly population, the 
ground beetles alone consuming 90-95% of the eggs (Hughes, 1959; 
Mukerji, 1971; Freuler, 1975; Mowat & Martin, 1981). The key factor 
(Varley, Gradwell & Hassall, 1973) of cabbage root fly population 
dynamics has been identified as the failure of females to attain 
their maximum potential egg production, which may be caused, at least 
partially, by the emigration of females away from the host crap 
(Benson, 1973; Jones et ~·• 1980). The population level is stabi-
lised by density-dependent pupal mortality,·due to predators and 
parasites in Canada, but to the death of the host plant in England 
(Benson, 1973). Bromand (1980) found that Aleochara spp. are capable 
of destroying a large proportion of a cabbage root fly population,· 
but this· control varies widely for different sites and years. A 
field experiment with a parasitic nematode produced some reduction in 
pest damage, but less than that achieved by a control insecticide 
treatment (Welch & Briand, 1961). The classic biological control of 
predators and parasites cannot provide the certain and almost complete 
pest control, required by high productivity farming. 
The contro~ of cabbage root fly through plant resistance is 
particularly attractive to the growers, because there are no con-
straints on cultural practice. The plant resistance is often bought 
at the expense of final yield. The basis of resistance in cruci-· · 
I ferous crops is either a reduction in attractiveness to the egg-
laying females (Ellis et al., 1976; Finch & Skinner, 1982a), or an 
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increase in tolerance to damage to the roots (Hardman & Ellis, 1978). 
The uniform monoculture of ·a modern crop provides an ideal 
habitat for the expansion of a pest population, and an increase .. in 
diversity could improve the pest population regulation (Dempster&· 
Coaker, 1972). An undersowing of clover was found to reduc~ ovipos-
ition (Tukahiriwa & Coaker, 1982).and increase the predator population 
(Ryan, Ryan & McNaeidhe; 1980). 
The females could be prevented from laying their eggs by phy-
sical barriers around the base of the stem of the'hos~ plant (Coaker 
& Pinch, 1971). Poam rubber discs were found to be as effective as 
. . .. ,. . 
insecticides iD protecting brassica plants from att~ck.by cabbage 
root fly- (Pinch & Wheatley~ 1980). ' . . The-cost is comparable with 
standard insecticide treatments:, and the method -~ould be suitable for 
. . . . -
small-scale use~ The discs work by reducing the number of egg-s laid~ 
and also provide a sheltered habitat for predatory ground beetles. 
·It . is clear that, at the moment, the non-chemical alternatives 
for cabbage root fly control are incapable of replacing the· chemical 
ilisectiddes. · The sliort-term a1m must oe to. en·sure a more rational-
·.,,·· 
usage of the insecticides; An insecticide treatment should only be 
applied when it-is likely to cause an· economic reduction in pest 
damage, and not· as &"routine application. A system of hazard:assess-
ment (c.f. cereal disease management, Anon., 1983b) is required for 
___ the decisions of whether to 'apply insecticide •. The optimal tjming 
. . . 
of spray applications depends on reliable methods of forecasting 
cabbage root fly emergence and development (Pinch, 1977). Prelimin-
ary estimates for the economic thresholds of cabbage root fly have 
been determined (e.g. Wheatley.& Coaker, 1969; Cruger, 1980; El Titi, 
1980; Freuler, 1982; Vincent, 1982). The key factor for mobile 
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organisms will usually be the distance between the sites of succes-
sive host crops. It is important that dispersal of cabbage root fly 
is quantitatively described, so that eventually it will be possible 
to predict the proportion of a population expected to invade a new 
crop. 
(f) Dispersal and migration 
' . 
Dispersal can be defined as any movement away from an aggrega-
tion (Southwood·; 197BY, which leads to insect populations becoming 
distributed over a larger area than that occupied-during development 
(Johnson, 1969). . '· 
Dispersal is brought about by two types of flight; migratory 
flights or movement associated with appetitive behaviour. A flight 
is called 'appetitive' if they can be interrupted by stimuli which 
cause insects to .feed or lay eggs, and 'migratory' if they are 
unaffected by such stimuli. Locomotory behaviour is enhanced in 
migration, whereas.feeding and rep~ductive behaviour are inhibited 
(Kennedy, 1961). Migration produces persistent •straightened-out• 
moveme~t and greater dispersal, which would be advantageous where the 
habitat is only transiently fit for breeding (Southwood, 1962, 1977). 
' T 
(g) The dispersal of cabbage root fly 
\The dispersal ability of cabbage root fly was originally 
assessed from the spread of damage from known sources of infestation 
(Read, 1958), and from the spread of an insecticide-resistant strain 
(Mowat & Coaker, 1968). Both studies conclude that cabbage root fly 
\ 
has little innate tendency to disperse, although neither method .. 
directly measures dispersal. The'· apparent level of damage depends 
- 13 -
. ' .. -- . .,_. ..~ 
...___._ 
_, :, . 
/·,- .. 
on the soil and climate (Coaker & Pinch, 1971), while the spread of 
resistance depends on the relative fitness of the genes and the 
selection pressures operating within the study area. 
Dispersal can be directly studied by the release and recapture 
.. 
of marked individuals (Southwood, 1978) •. The low recapture rate of 
most trapping methods ~quires the release of large numbers of 
individuals. It is costly to obtain·large numbers of wild cabbage 
flies (Pinch·& Skinner, 1980), so it is usual practice.to use 
labor~toey-rearedflies:-. It is nev~r certaili th~t the cultured 
in~ects behave as the wild ~sects, b~_cause o~ th~. unusual selection 
pressures present :tn: a culture (P:inch &. Sk~er, 1975; Price & 
Thom:i)s~n. 1979) ~ The high density of flies at the release point 
may cause initially high rates of dispersal (Wallace, 1966). The 
small proportion of flies recaptured may not represent an unbiased 
sample of the total population (Pinch & Skinner, ·l974a, 1975; Nair 
. 8c McEwen~ i974k·- ·,, . 
Hawkes (1972a) marked culture flies by feed~ them for three 
_dais on a.diet-conta~ radi~active phosphorus~ These flies were 
released when 6-7 dais old. and recaptured ~sing yellow water traps 
located at a maximUm distance of·toom~ from the release point • 
.. _The relationship between the number caught and distance was best 
described by the empirical equation (1) (Hawkes, 1972a). 
log y 
e 
= a - b ,fx 
where y = number of fiies caught 
(1) 
x = distance from release point 
The individual flies vary in the distance travelled from the release 
point, and the arithmetic mean would be misleading because no allow-
ance is made for individuals that pass beyond the trapping area. 
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The fitted model can be used to estimate the number of flies passing 
beyond the outer_traps, and allow calculation of a true mean dis-
tance dispersed. ·The fitting of the model will smooth out sampling 
errors, and the· e_stimate of the mean distance· dispersed will be 
-
independent of the details" of the sample plan. 
The number of flies at -~ distance (x) from the release point 
is proportional to the number caught multiplied by the circumference 
of a circle of radius x ( 2) • ; > 
N 
X 
oc y • 211"' X . 
., . ~ ... 
where y = exp (a - b,.fx) .. 
(2) 
The total number of flies could then be estimated by the integration 
of ( 2). . .... ·"-'·. -;_-·, ,. 
... 
~N = J K. y. 27t' x. Jx (3) 
0 
The constant (K) is required because the yellow water traps capture. 
only a proportion of th~ available flies. The sum of all the dis-
.·. ;- ·-:- ·' .-. ·-: :~--- "--~-- . ·.·-·- . 
tances dispersed by all the fiies- can be Jstima.ted by multiplying 
the total._number of flies by the distance (x) from the reiease 
point (4). ·· • ..... - •.f_ : • • ·: ; -· .:; .. _ • ·.·._ 
"'" 
l:d = J K. x. y. 21f x. d.x (4) 
0 
The mean distance dispersed can then be calcuiated by dividing the 
sum of the distances dispersed (4) by the total number of flies (3), 
.which can be shown to reduce to equation (5) (Appendix 1). 
. . . . . -~. . 
-d 
1' (Hawkes, 1972a) (5) 
The relationships established in equations (3) and (4) are not 
strictly· correct, because they treat the trap catch as a point- source 
I 
and not as the capture of flies available within the attractive 
radius (Finch&: Skinner, 1974a, 1982b). The.density of flies at a 
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point (= the probability of locating a fly at that point) would be 
expected to be proportional to the density of flies within the 
attractive radius. The mean distance dispersed can be validly 
estimated from equation (5), because of the cancelling of the con-
stant of proportional! ty. · 
The above method was used by Hawkes (1972a) to estimate the 
dispersal rate of cabbage root fly at 8-20 m/day. The flies were 
released in a small plot of cabbages within a fallow field, and for 
the first two experiments-the flies were released away from the hedge. 
The initial high ·rates of dispersal (56-102 m/day) of the male flies 
were thought to result from a d~ectional movement to the hedge. 
Slower initial rates of dispersal were observed in the third and 
fourth experiments;when the flies were released at the hedgerows. 
The rate of dispersal was found to gradually decrease with time 
(Hawkes, 1972a, 1974, 1975). All movement at the start of the 
experiment must necessarily be away from the release point, but as 
the flies disperse with time, the chance of individuals moving back· 
towards the release point will increase, causing the apparent 
decline in dispersal rate. 
The gravid females were found to be the most active stage in 
laboratory experiments (Hawkes, 1972b), and the brassica crop was 
thought to have an arresting effect on the dispersal of females. 
This hypothesis was tested by releasing 4-7 day old flies at the 
hedgerow in a fallow area downwind of a cabbage crop (Hawkes, 1974). 
The males were found to disperse at 10-27 m/day, although there was 
one anomalous estimate of 52 m/day, which was attributed to avoid~ 
. ance of a shaded area. l The non-gravid females dispersed at 20-JO 
m/day, but the gravid females moved upwind to the host crop at 
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40-80 m/day. 
The flies were strongly aggregated at the hedge in these exper-
iments, so dispersal was almost exclusively in one dimension along 
, the. hedgerow •. When the flies were released at the hedge downwind of 
a cabbage crop, but in a field planted with barley and not fallow, 
there was no aggregation of flies at the hedgerow (Hawkes, 1975). 
The flies probably moved into the barley, because of the availability 
of feeding sites (Hawkes, 1973). The males and non-gravid females 
initially dispersed at very high rates .(170-290-m/day) for the first 
, few hours after release, decreasing to 36-57 m/da:y over the next 
two da:ys. The flies disperse ~-3 times faster over .. the ·barley~ than 
.. 
when the flies were released at a hedge adjacent to a brassica crop 
or a fallow area. This would appear to be·· caused by dispersal in 
two dimensions, rather than along the single dimension of the hedge-
·row. The gravid females were found to disperse at 35-95· m/day, 
\ which is comparable to the earlier estimates of 40-80 m/da:y•.. It 
was ·calculated-that populations more than 800 m apart would be 
unlikely to intermix over the adult lifetime (Hawkes, 1968). 
Experimental attempts to control cabbage root fly by removal of 
the hedgerow flowers (Finch & Skinner, 197lc), and chemosterilization 
(Finch & Skinner, 1973), failed to achieve satisfactory control, 
because of inadequate isolation of the treated from untreated areas. 
The estimates of Hawkes (1972a, 1974, 1975) were suggested to be\ 
solely a measure of-appetitive flight, and that there could be an 
earlier migratory flight in the younger flies before the gonads are 
fully mature (Johnson, 1969). 
I 
An improved method of marking the flies was developed, to allow 
the study of dispersal from the time of emergence. The flies can 
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be marked on the head by fluorescent dust, which is trapped in the 
ptilinal suture during emergence from the pupa, or they can be marked 
on the body using oil-soluble dyes (Pinch & Skinner, 1974b). 
Nair & McEwen (1974) released large numbers of two-day old 
cabbage root flies, marked either on the head or on the body. The 
flies were trapped with baited live traps, but less than 0.3% of the 
marked flies were recaptured. The nearest traps were located 305 m 
from the release point, and only a small proportion of the flies would 
be expected to disperse to this distance, because of the exponential 
decline in number with distance. A detailed analysis of such a· small 
number of recaptures is not possible, but one marked fly was · · .. 
recaptured 915 m from the release point after seven days, indicating 
a dispersal rate of 131 m{day. 
Pinch & Skinner (1975) investigated the dispersal of cabbage root 
fly in a series of three experiments, where the mean distance dispersed 
was estimatea from the slope.of densit~ on distance. The flies were 
marked by a combination of head and body marks~ In the 1971 e%peri-
ment;o-l day-old flies were released and recaptured by a grid of 
yellow water traps arranged around the release site. A number of 
other trap sites were also established up to c. 2000 m from the re-
lease point, to determine whether flies could be recaptured so far 
from the release point. The males were found to disperse at 51.3-
62.5 m/day, but the mean distance dispersed by the females could not 
be calculated because of the recapture of only a small proportion of 
the females. The arrangement of the traps did not appear to sample 
the major part of the female population since 6% (n = 3) and 9% (n = 
I 
5) of the recaptured females were caught at 305 m and 1300 m respec-
tively from the release point. 
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The yellow water traps were replaced in the later experiments 
by a yellow trap dispensing the attractant allylisothiocyanate.(ANCS), 
which will increase the catch of male and female flies (Finch & 
Skinner, 1974a; Hawkes, 1980). The 1972 experiment sought to deter-
mine whether flies would disperse when released in a host crop. The 
flies were released in five separate cauliflower plots, and recaptured 
by a group of nine ANCS traps in each plot. The results indicate 
that considerable emigration occurs from the host crop; with the 
maxiw1m distance between plots (660 m} being crossed by 2-3% of the 
males and 4-5%-of the females recaptured. 
The flies released in the 1973 experiment were derived from 
--- field-collected (wild} pupae and laboratory-reared (culture) pupae. 
Dispersal was estimated across both a host crop (Brussels sprouts) 
and across non-host areas (corn stubble). The ANCS traps were arra-
nged along the eight cardinal compass points, to a maximum distance 
of 400 m from the release point.' The flies were found to move little 
during the first two days of adult life, and by the third day the two 
sexes had dispersed to an average qf c. 100 m from the release point. 
The males continued to disperse at c. 100 m/day for the three subse-
quent days. The wild females were estimated to have dispersed to a 
mean distance of 2678 m by the sixth day, but the culture females had 
moved to an average of only 870 m. It was suggested that the wild 
females undergo a migratory flight at c. 1000 m/day during the "fifth 
and sixth days.· It was found that 2 of the 6296 culture females and 
14 of the 3235 wild females released across the non-host area were 
recaptured in the Brussels sprout crop locating 1300-1900 m from the 
release points. 
Freeman (1977) reanalysed the data from the 1973 experiment of 
Finch & Skinner (1975) using a model (6), which allows the intercept 
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and slope to alter with time. 
Loge Y = a - b~ - ht - ex loge t 
where t .. time 
x = distance 
a, b, h, c = constants 
(6) 
The models make no provision for a migratory phase, although the 
fitted values of the slope indicate a mean distance dispersed ranging 
from 255-2126 m. 
~ computer simulation model of the dispersal of female cabbage 
root fly has been·develope~ based on measurements of flight length, 
flight frequency and flight orientation, made in a wind tunnel 
(Hawkes, Patten & Coaker, 1979), or from direct observation in the 
field (Hawkes, pers •. comm.). The simulation proceeds in. a series of 
one minute periods, with the flight parameters being generated with 
the· .. oqserved means, standard errors and distributions. The position 
of each fly was calculated after each flight, and movement rates were 
calculated over 2-6 hour periods. The mean movement rate was calcu-
.. lated from thirty runs-. since each run will differ because of the 
stocfiastic elements. 
The model predicts a dispersal rate of 65 m/day for culture 
gravid females and 250 m/day for the wild gravid.females in the 
· presence of host plant odour (Hawkes, Patton & Coaker, 1978). A 
dispersal rate of 29.4-87.0 m/day was predicted for wild non-gravid 
females and gravid females in the absence of.host plant odour (Hawkes, 
pers. comm.). 
Taylor (1978) has shown that a significantly greater proportion 
I 
of the variance can be explained by allowing the exponent (c) of 
distance to vary (7), instead of using the square root. 
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c 
= a - bx (7) 
The equation provides a generalisation of a series of specific models 
fitted to a range of insect species. The improved fit is a simple 
consequence of employing a third variable,·but he suggests that the 
value of c provides a biologically useful measure of the randomness 
of dispersal. A diffusion model, where the movement of individuals 
occurs at random, would-have~ value for c of two (Scatter, Lamb 8c 
Hassan, 1971). A value for c of less than two, is suggested to 
I 
indicate repulsion of.the individuals, whereas a value for c greater 
,, than two, would, indicate attraction of the individuals. This would 
not necessarily be true, because the value of c is influenced by the 
heterogeneity of individual dispersal (Skellam, 1951), or by the 
integration of trap catch over time (Hawkes, l972a). 
·. 
A problem arises in equation (7). as the value of c approaches 
zero, since N = exp(a + b) =a constant. Taylor (1980) proposes 
that equation (B). would be a more appropriate model. 
' . 
N = exp(a + bxc ~ d loge x) (B) 
The logex term clearly becomes dominant when either b or c approaches 
zero. The model was foUnd to provide a good description for a wide 
range of data. 
The present models are merely empirical mathematical descrip~ 
tions of the change in density with distance, and the parameters are 
unlikely to be of biological significance (Freeman, 1977).. The 
observed distribution could be~roduced by a variety of. ~ifferent 
movement patterns. Taylor (1981)· suggests that the spatial distri-
bution of animals arises from the balance of two opposing forces• 
the repulsion and the attraction behaviours. He describes an 
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explanatory model which is capable of generating the exponential 
form of the density-distance curves. 
The migration .. of female, cabbage root fly on the fifth and sixth 
days after emergence, proposed by Finch & Skinner (1975}, may be an 
artefact of the use of ANCS in the traps (Hawkes, pers. comm.}. In 
a migration, the insect would be expected to become less responsive 
to vegetative stimuli. The ANCS traps have been shown to capture the 
greatest number of females 5-6 days after release (Finch Be Skinner, 
1974a}, so it is likely that the females become more responsive. 
·The greater catch of males and nQn-gravid females in ANCS traps 
is caused by increased activity in the presence of high concentrations 
of ANCS, which develop in the close proximity of the trap (Hawkes, 
Patton & Coaker, 1979; Hawkes, 1980). The ANCS stimulates gravid 
females at much lower concentrations, and induces upwind movement 
(Hawkes, Patton & Coaker, 1979}. The ANCS has an· attractive radius 
of about 5 m (Finch & Skinner, 1982b). . ·. 
At normal summer temperatures the females will develop to the 
gravid stage and commence oviposition, within 5-6 days (Hawkes, 1972b). 
The migration proposed by Finch'& Skinner (1975) is probably caused 
by the selective action of ANCS on gravid females. The host plant 
odour will attract the gravid females upwind at higher rates of 
dispersal (Hawkes, Patton & Coaker, 1979). The trap arrangement may 
also have influenced the fitted value of the slope of density on dis-
tance. The traps were arranged at equal intervals along the cardinal 
compass points leading away from the release point. The traps clo-
sest to the release point could interfere with the traps in other 
trap lines, reducing-the number of flies caught and leading to an 
underestimate of the slope (Begon, 1976a; Jones!! ~·• 1980). ·The 
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simulation model indicates hat such interference is capable of 
causing a significant underestimate of the slope (Hawkes, pers. comm.) 
The estimates of the slope on the 5th and 6th days were based on the 
recapture of a small number of flies. (e.g. on the 6th day, only 38 
culture females and 16 wild females were caught in all the traps). 
The slope estimated from such a small number of observations is un-
likely to be statistically ver,y reliable, and there may·be a signi-
-· ficant underestimation of the sl.o.:Qe (see Ch. III.2). 
The migration hypothesis could be tested· by the description of 
the· dispersal of Wild flies using yellow water traps (without ANCS). 
The slope of density on distance could then be determined for the 
v~ious female age-groups· (Hawkes, 1975). A migratory phase for the 
gravid females would be expected to produce.~ significantly smaller 
slope for the gravid age-group than for younger females. 
(h) Dispersal and life history strategy 
-- The life history strategy of an individual is the relative ener-
getic effort. devoted to reproduction, growth or disper_sal_ (Southwood, 
1977, 1981). The strategy is determined by the habitat (including 
competition for limiting resources), and is optimised by natural 
. selection ·to· ·provide the maximum number· of su~cessi'ul offspring. 
The cabbage root fly must necessarily reproduce each generation, but 
there is freedom to vary the effort devoted to dispersal, either by 
·changing the proportion of the popul~tion dispersing, or by altering 
the distance attained by the dispersing individuals. 
, Dispersal is clearly advantageous if the habitat is unstable and 
offers many empty patches, so the pests of annual crops would be 
expected to be-well-adapted for dispersal and the location of new 
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host plants (Southwood, 1962). There would appear to be no advan-
tage in changing locatio·n in a stable environment, but there are the 
obvious disadvantages of the energy expended and mortality during 
dispersal. A better strategy might be to reduce dispersal, and con-
centrate on competing for the available r.esources. _This would not be 
an •evolutionary stable strategy•, since a genotype which keeps only 
one offspring •at home•, but uses the remainder for dispersal, will 
always possess an advantage over other genotypes keeping more of 
their offspring •at hom~' (Hamilton & May, 1977). The offspring 
which do not disperse must comp_ete with related genotypes, and the 
dispersal of·at least some of the offspring reduces the chance of 
total reproductive failure and increases the probability of competi-
tion with an unrelated genotype. 
The fraction programmed to disperse could be expected to depend 
on the mortality suffered by the dispersing individuals. When dis-
persal mortality is.high, then a smaller proportion of the offspring 
would be committed to dispersal. Even in a stable environment where 
the dispersal mortality is very high, it would be still advantageous 
to commit at least haif the offspring to dispersal (Hamilton & May, 
1977). 
Habitats are not stable nor uniform, but differ in their favour-
ability for reproduction in both time and space (Southwood, 1977). 
The organism is faced.with decisions on whether to breed 1 here' or 
•elsewhere'; and •now• or 'later•. Dispersal to close patches can 
be achieved by appetitive behaviour, but longer range dispersal could 
be better achieved by migration (Dingle, 1974; Southwood, 1977). A 
patch remaining favourable for a long period of time (relative to the 
generation time) would be expected to select for continuous breeding 
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(Southwood, 1977). Population regulation would result from density-
dependent competition selecting for individuals capable of effici-
ently securing resources, and that tend to devote effort to growth 
and maintenance rather than immediate reproduction (K~selection, 
Horn, 1978; Grime, 1979; Southwood, 1981): In a patch which is less 
stable in time, the onset of unfavourable conditions prevents conti-
nuous breeding. The population must be able to expand rapidly to 
utilise the transiently available resources (r-selection). 
The unfavourable periods can be avoided by either dispersal to 
another patch, or the organism can enter a dormant phase to await 
the return of favourable conditions (Southwood, 1977). The cabbage 
root fly avoids the regular unfavourable.season of winter through 
diapause·, which is controlled by temperature and photoperiod (Coaker 
& Finch, 1971). The flies will need to disperse to locate the avail-
able host crops, which are rotated for control of the clubroot 
fungus. The different cropping practices might select for different 
dispersal ·ability. The constant availability of brassica crops on 
intensive market gardens might select for reduced dispersal. The 
brassica crop on livestock ,rearing farms normally plant the brassica 
crop at midsummer dUring the second generation of cabbage root fly~ 
The flies· could be selected for longer range dispersal, or the first 
generation might delay emergence until the host crop is available. 
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Research objectives 
The relationship between density and distance for wild flies 
will be quantitatively described, to test the predictions of a 
computer model. 
The flies will be separated into age-groups to test the mig-
ration hypothesis of Finch & Skinner (1975). It would be desirable 
to devise a method for male age determination, so that the males and 
females can be investigated independently. The mean distance dis-
persed can be estimated from the slope of density on distance, and 
the mean age of the age-groups can be estimated from laboratory ·· 
e:xPeriments. The dispersal rate will be calculated by the division 
of mean distance by mean age. 
Experiments will be carried out on a range of sites; to deter-
mine whether dispersal varies with the stability of the habitat. 
•. .... 
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SECTION TWO 
THE DETERMINATION OF THE AGE OF MALE AND FEMALE CABBAGE 
ROOT FLIES 
CHAPTER II.l 
Introduction to insect age determination 
The age is an important attribute of an~individual, because 
the action of many ecological processes depends on the age. Adult 
mortality is obviously an age-related process (Pinch, 1974a) and so 
is the mean distance dispersed (Hawkes, 1972a; Pinch & Skinner, 1975; 
Freeman; 1977). The behavioural pattern of cabbage root fly alters 
with age (Hawkes, 1972b, 1975; Hawkes & Coaker, 1979), which has 
important conseq~ences on their response to the traps (Finch & 
Skinner, 1974a) and in their field distribution (Hawkes, 1973). 
The life span of an insect can be'divided into a series of 
'physiological' age-groups, based on observable changes with age. 
An absolute age can be estimated for these age-groups, by allowing 
for the changes in the rate of development caused by the f1uctu-
ations in environmental conditions (Tyndale~Biscoe & Hughes, 1969; 
Vogt, Wooqburn & Tyndale-Biscoe, 1974; Kitching, 1977). 
The age-grouping of a population is a prerequisite of life:table 
aDalysis. The construction of a series of life tables allows the 
size 
populationAto be estimated, allowing for the dynamics caused by 
natality, mortality and dispersal (Southwood, 1978). The recognition 
of recently-emerged adults can be valuable in the location of the 
adult emergence sites, and the age structure can further provide an 
indication of whether a population is expanding-or declining. Such 
information can be of practical importance in the timing and place-
ment of control measures. 
The age-grouping of female insects has been extensively deve-
loped, originally for mosquito species (Detinova, 1968), but more 
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FIG. 1 
THE AGE GROUPS FOR FEMALE CABBAGE ROOT FLY 
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recently the technique has been applied to a wide range of other 
species (e.g. Saunders, 1962; Anderson, 1964; Hawkes, 1975; Tyndale-
Biscoe & Hughes, 1968; Vogt !i ~ .• 1974). Vlhen an egg is laid, 
the empty follicle (corpus luteum) remains in the ovariole and only 
gradually degenerates. The number of batches of eggs (ovarian cycles) 
that have been produced, can be determined by counting the number of 
follicular relics in the ov~iole'- {Fig. 1). This technique was 
particularly useful in those species which pass through many ovarian 
cycles (e.g.-mosquitoes). The majority of insect· species produce 
only a few batches of eggs, which has prompted the subdivision of 
each cycle· based on the degree of-development. of the• egg. The 
large translucent nurse cells can be readily differentiated from the 
developing dark granular yolk (Fig. 1). 1._ 
A scheme of physiological age-groups has been devised for female 
cabbage root flies (Fig. l)(Hawkes, 1975). The cabbage root fly 
differs from most other dipteran species in requiring only carbo-
hydrate for._the development of the first batch of eggs, but a source 
of protein is necessary for the production of subsequent batches 
(Finch & Coaker, 1969b; Finch, 197la). r~·laborator,y conditions the 
cabbage root fly is 9apable of passing through many ovarian cycles 
(Finch, 1974a), but in the field 94-97% of the females feed only on 
carbohydrate and would not produce a second batch of eggs (Finch, 
197lb). It is only necessary to be able to separate nulliparous 
. ~e. .-ool:: ~ 
and parous A females. It can be difficult to locate the follicular 
relics in specimens that have been stored in a deep freeze for a 
long period, so it would be useful to identify additional characters 
for the separation of nulliparous and parous flies. Anderson (1964) 
suggests that the pupal fat and the ovarial tracheation could also 
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provide useful characters. 
The age-grouping of male insects has been rarely attempted, 
and there'is no published method of age determination for male 
cabbage root flies. The males usually,mature rapidly and there are 
few obvious developmental. changes. · The production of the sperm 
requires only small quanti ties of nutrient's. and does not have the. 
profound effects on the physiology of the individual as egg pro-
duct ion. The males· are usually assumed to behave. similarly to the 
females. although the. two sexes have been- shown to differ in their. 
'· . -· 
behaviour (Hawke.s, 1973, 1975; Finch.& Skinner, 1975) •. It was 
···~--~ ' • ··;-I ;,:'•'•' J.,,'- ,.,:.' ''•-:;"'.,·••:!.;'-:. ,·,-•,•: '• 
considered. d~sirable to devise·an·age detei'I!lil1ationmethod for male 
cabbage' r'oot fli~·a~ allowiilg the independent study' of the' di'spersal 
of the two sexes• - ,.._ ..... _ ~ -
' 
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CHAPTER II.2 
Obtaining flies of known age 
Introduction 
A source of flies of accurately known age, is required for the 
investigation of the changes in a character with time. A heteroge-
neous population would be obtained from the collection of flies at 
a fixed time each· day, the individuals ranging in.•age from recently-
emerged to one day old. It would be desirable to collect a 
uniformly aged population, which has completed the minimum of 
development. 
Most insect species exhibit a definite rhythm in the emergence 
from the pupa (e.g. Pittendrigh, 1966; Dean, Wilson & Wortham, 
1968; Thompson & Price, 1979}. The emergence pattern can be 
determined by collecting the emerged flies at regular intervals 
during the day. This method requires frequent attention and cannot 
be conven~ently colhcted. during the night. A number of devices J. .... 
have been designed for the automatic collection of the emerged flies 
(e.g. Miller & Treece, 1968; Kempton, 1975; Honegger, 1977}, but 
they rely on the positive phototaxis of the adults to attract them 
into the collection cages. The flies will not necessarily move into 
the cages during the night, and will contaminate the later collec-
tions. A constant light regime may produce significant changes in 
the emergence rhythm. Thompson & Price (1979} resolved this prob-
lem by extending the light phase using artificial lighting, and 
then simpl~ collected only during the light phase. 
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Methods 
cabbage root fly 
The emergence rhythm of A was investigated using a large batch 
of laborl!-tory-reared pupae. The pupae were mixed w1 th an equal 
volwna of moist. vermiculi te, and this mixture was thinly spread out 
in a perspex rearing cage at 20°C, in a 18 hours light/6 hours dark 
cycle. The emerged flies were removed at two hour intervals for 
three consecutive days. 
Results & Discussion 
The emergence occurs with a definite peak soon after the start 
of the light' cycle (Fig. 2) ;.•·'·A similar result was found for wild 
and laboratory-reared cabbage root flies at Wellesbourne (Thompson & 
Price, 1979). The emergence could be a direct response to the light 
stimulus, or it could be controlled by a circadian rhythm which would 
cause emergence to occur at a similar time even in constant condi-
tions. Experiments with other insect species have shown that eclosion 
does follow an endogeneous rhythm, but the rhythm is often entrained 
to the prevailing light regime (e.g. Pittendrigh, 1966; Dean .!!, &·, 
1968). The exact.time of peak emergence appears to vary with both 
year and the source of flies (Fig. 2). The emergence .of the flies 
at Plymouth extends over a longer part of the day, and there is a 
less definite peak in emergence (Fig. 2).· ThiB may be an artefact 
of the method, since it was necessary to briefly switch on the lights 
' during the dark phase, to collect the emerged flies. The pupae were 
thereby; exposed to short- periods of light during the dark phase, 
which may. have been sufficient to affect the eclosion pattern. 
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FIG. 2 
ECLOSION PATTERNS OF LABORATORY-REARED CABBAGE 
ROOT FLIES. 
Plymouth 
Wellesbourne 1971 
Wellesbourne 1972 
TABLE 2 
The emergence of cabbage root flies during certain periods 
of the day. 
-· - . - . ~ . ·- . 
-- --·. ··-----. 
-- -·-·------
------·. 
Time Percentage emergence 
Plymouth Well.esbourne Wellesbourne 
1980 1971 1972 
0400-1000 68.2 97.0 82.5 
... 
1000-1.800 20.3 3.0 17.5 
r- -1·ao0:64o-() ~ 21:~-~--~~-- o·-·-·:-------------6 
I 
_, 
' 
Conclusion 
The simple technique of collecting the emerged flies at 10 a.m. 
and 6 p.m. each day, enables the collection of the maxiw1m number of 
flies at 10 a.m. but the majority of these flies will be less than 
six hours old (Table 2). 
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CHAPTER II.3 
A review of methods for male age determination 
Introduction 
The literature contains a range of potential characters for male 
age determination, and these will be reviewed and their practica-
cabbage root fl_y 
bility assessed for ~ • · The main objective of this preliminary 
cabbage root fly 
study is to establish that the character exists in A , and then to 
determine whether there are any changes with age. Thi.s can be 
easily achieved from a small number of observations on'flies of 
kriown age •. _ The results will not be reported in detail as they are 
not intended-to be statistically rigorous. Any suitable characters 
discovered will be investigated in detail in later experiments, when 
quantitative descriptions of the changes with iige will be made. 
(a) Pupal fat body 
The newly-emerged adults of cyclorrhaphous Diptera have been 
widely noted as containing numerous pupal fat cells free in-the 
abd,pm1nal haemolymph (e.g. Evans, 1935; Wigglesworth, 1949; Cwilich 
&. Mer, 1954; Anderson·, 19!>4; Adams & Nelson, 1969; Tyndale-Biscoe & 
Hughes, 1969; Spradbery & Sands, 1981). The .pupal and adult·.fat are 
embryologically distinct, being derived from different groups. ··_of 
cells in the embryo. The adult fat usually develops as a loose 
meshwork beneath the cuticle and a central layer around the gut. The 
two types of fat cell both contain deposits- of glycogen and lipid, 
although the pupal fat cells additionally contain proteinaceous . 
I 
granules {Butterworth, Bodenstein & King, 1965). The pupal fat is 
derived originally from the larval fat body, which can be ~ound 
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extending throughout the larva. The cells of the larval fat body 
separate during pupation, and many are histolysed. The remaining 
fat cells survive into the adult, but are normally rapidlT degen-
erated as the adult fat body develops (Adam~ & Nelson~ 1969). 
The disappearance of the pupal fat cells in females correlates 
I 
with ovary development, with the fat cells probably forming a 
nutrient source for the ovaries. If ovary development is prevented 
by removal of the corpora allata, then there is no loss of the pupal 
fat (Munro & Bailey, 1965; Adams & Nelson, 1969). The pupal fat of 
both sexes disappears more rapidly when the adults are fed on a 
diet containing protein (Evans, 1935). The protein allows ovary 
development in the females, so presumably the loss of pupal fat in 
males in connected with reproductive development. 
The nUmber and diameter of the pupal fat cells decreases with 
age in both males and females (Cwilich & Mer, 1954; Spradber.1 & 
Sands, 1981). The individual variation _prevents the precise deter-
mination· of the age· of an:y single fly, although Anderson (1964) 
suggests that females could be separated into young 1 medium and old-
age groups. The volume of pupal fat depends on the body size of the 
individual (Wigglesworth, 1949; Spradber.1 & Sands, 1981). The time 
taken for the elimination of the pupal fat depends on the temperature 
and the quality of the· larval food (Tyndale-Biscoe & Hughes, 1969; 
Spradbery & Sands, 1981). The better quality larval food probably 
allows a larger larva to develop 1 which will result in a larger adult. 
(b) Other pupal remnant ·characters 
The abdomens of recently-emerged mosquitoes contain a mass of 
transparent muscle tissue, which is the degenerating remains of the 
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larval abdominal musculature (Rosay, 1961). The mosquitoes also 
contain a coloured semi-solid mass (meconium) in the midgut, which 
is expelled soon after emergence from the pupa (Rosay, 1961). 
(c) Adult teneral characters 
The cyclorrhaphous flies with subterranean pupae emerge through 
the soil by means of a ptilinum. Blood is pumped in and out of this 
cuticul~ sac on ·the anterior surface of the head, forcing a passage 
through the soil. Once at the soil surface, the ptilinum is with..; 
dra~ into the head and· is gradually broken down (Laing, 1935). The 
adult cuticle is. soft and pale immediately after emergence, and the 
wings have to be expanded. The cuticle is usually rapidly hardened 
by enzymic tanning of the proteins, and there is ofte"n associated 
melanin deposition. In some Heteroptera the cuticle darkens more 
slowly, so a serie-s of· pigmentation stages can be recognized (Young, 
1965). 
(d) Cuticular development 
The adult cuticle continues to grow for some time after emer-
gence by the deposition of further layers of chitin. Cuticular bands 
have been demonstrated in a wide range of insect species and would 
appear to form the basis of an accurate method of age determination 
(Table 3)·. The bands ·are caused by permanent changes in chitin 
orientation at the time of deposition (Neville, 1965; Dingle, 
Caldwell 8c Haskell, 1969). The chitin laid down during the dark 
'night' phase is organised into several lamellae, but during the 
I 
light 'day' phase a layer of non-lamellate chitin is grown. 
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TABLE J 
Summary of published work on postmetamorphic development. 
Author(s) Insect(s) Body sites Method 
investigated 
Neville . . ORTHOPTERA Tibia Razor blade sections+ 
( 1963' 1967) Schistocerca phase contrast and 
polarising microscopy. 
Dingle et al HEMIPTERA Femur, tibia+ Cryostat sections+ 
(1969) Oncopeltus antennae polarising microscopy. 
Menzel et al HYMENOPTERA 
(1969) A pis 
Schlein( 1967) iHPTERA Cuticle+ Dissection+ compound 
~,Culex; apodemes microscopy 
Calliphora, 
Glossina, 
Musca etc. 
Schlein DIPTERA Thoracic 
(1972a,b) Sarcophaga apodemes+ 
aedegus 
Scllein & DIPTERA Stained+ compound 
Gratz(1972) Aedes ,Culex, microscopy 
Calliphora, 
Glossina; 
Sarcophaga 
Zelazny & COLEOPTERA Femur,elytra, Razor blade sections+ 
Neville( 1972) Oryctes abdomen,pronotum polarising microscopy 
Veron(107J) OOONATA Tibia Cryostat+polarising 
Austrolectes• microscopy 
Ischnura 
Tyndale- Biscoe & DIPTERA Thoracic Dissection+ compound 
Kitching(1974) Lucilia apodemes microscopy 
The band formation has been shown, in two species, to be con-
trolled by an endogenous circadian rhythm, which is normally phased to 
the daily environmental changes (Neville, 1965; Dingle et~., 1969). 
The bands are formed independently of temperature and with a free-
running period of roughly 24 hours under constant conditions. In a 
Coleopteran Orzctes band formation was found to be controlled by a 
non-circadian rhythm; the bands were produced independently of envir-
onmental changes and the rate of formation was strongly dependant on 
the temperature (Zelazny &: Neville, 1972). In the Dipteran·.Lucilia 
band formation was not controlled by any innate rhythm, since no bands 
were formed in.: constant'. conditions. The bands were grown as a direct· 
response to. the temperature rising above a threshold (Tyndaie~Biscoe &: 
Kitching, 1974). ·-
'· 
The rate of cuticle growth depends directly on the prevailing 
temperature (Dingle et !!·• 1969; Schlein, 1972; Tyndale-Biscoe &: 
Kit~, 1974). At.high temperatures the cuticle will grow rapidly 
to it& maximwD size. and no further bands can then be formed. The 
... number of bands will not then be a true indicator of age. At low 
temperatures the cuticle grows slowly and the bands will be difficult 
to distinguish. Light does not appear to be an important influence on 
band formation, since bands are· laid- do~·normally in constant light 
or constant dark (Neville, 1965; Dingle !!~·• 1969; Tyndale-Biscoe 
&.Kitching, 1974). 
The cuticular bands can be seen at a variety of sites (Table J), 
although the number of bands may differ at the various sites within 
an individual (Dingle et &·, 1969; Schlein & Gratz, 1972). 
- )6 -
(e) Wear and tear 
The insect cuticle and its appendages become damaged through 
abrasion with the environment, and the degree of damage would be 
,expected to increase with age. The ventral thoracic hairs of grass-
hoppers were found to become increasingly worn with age (Launois & 
Launois-Luong, 1980). The number of teax:s- in the wings has been 
found to correlate well with other age indices (Jackson, 1946; 
Saunders, 1962) • 
(f) Chemical changes 
The quantity of many chemical constituents and the activity of 
enzymes have been found to alter with --8.ge (Rockstein & Baker, 1972). 
They presumably form the underlying mechanisms governing the visible 
structural and physiological changes. 
(g) The male reproductive system 
(i) Testes 
The size of the testes varies with age in many insect species 
(e.g. Haydak, 1957; Clift & McDonald, 1971; Ganesalingam, 1975; 
Reissig & Kamm, 1975; Begon, 1976b; Eguagie, 1976). The increase in 
size is probably caused by sperm development, and there is often a 
later shrinkage in older flies which may result from cessation of 
sperm production. The colour and appearance of the testes commonly 
alters with age (e.g. Clift & McDonald, 1971; Begon, 1976b; Shorrocks, 
1979). The testes of cabbage root flies are orange in recently-
emerged flies, but change to a dark red-brown colour within a few 
days (Price, 1977). 
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The sperm generally develop soon after emergence (e.g. Ganesa-
lingam, 1975; Shorrocks, 1979). Midttun (1974) made a detailed 
histological examination of different ages of dragonflies, but could 
find only slight differences in sperm orientation and later senile 
changes, such as vacuolation and necrotic granules. Ascerno, Hower 
& Smilowitz (1978) developed an age index using a brief microscopic 
examination to separate the males by the degree of development and 
the motility of the sperm. 
(ii) Accessory glands 
The size of the accessor,y glands varies with age (e.g. Thomsen, 
1943; Ganesalingam, 1975; Begon, 1976b; Eguagia, 1976). The glands 
are thought to provide a bulking ·agent for the transfer of sperm, 
and they may have an important role in the nutrition of the sperm. 
,_ 
The glands probably initially swell with the accumulated secretion, 
and the later decrease in size may result from depletion after 
.repeated mating. ·, 
(iii) Vas deferens 
The vas deferens carries the mixture of sperm and accessary 
gland secretion to .. the aedegus during mating. Ascerno et &· (1978) 
separated males into three categories based on the whiteness and 
visibility of the vas deferens. They recommend this as a method of 
determining whether a fly has mated.(i.e. a crude index of age) 
because of its convenience and ease of observation. Penemore (1971) 
recognized three age-groups on the basis of the.size of the vas 
deferens, but this is likely to be specifically applicable to 
Costelytra because the vas deferens is specially adapted for sperm 
storage before mating. 
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Results 
The number and diameter of the pupal fat cells decrease with 
age in both male and female cabbage root flies. being eliminated 
within 5-10 days at 20°C. The adult fat is very variable in· quantity. 
generally forming a thin layer beneath the abdominal cuticle. The 
larval abdominal musculature and the meconium do not survive into the 
adult stages of cabbage root flies. 
The ptilinum is withdrawn within minutes of emerging at the 
surface. The wings are fully expanded within about one hour. and 
the darkening of the body is largely complete within four hours at 
20°c. 
It was impossible to discover whether cuticular bands exist in 
~ n::d:-5~ 
the tibiae of h • because, the thinnest sections obtainable using a 
cryostat (approximately 5 ~) were opaque to light. It might be pos-
sible to achieve thinner sections with embedded tibiae and a microtome. 
but this would greatly increase the time necessary for each tibiil". 
The thor~cic apodemes could be dissected out after the muscle has been 
macerated in 10% KOH for 24 hours (Tyndale-Biscoe &: Kitching. 1974). 
~he cuticular bands could be seen under xlOO magnification. once the 
adhering muscle has been carefully removed with watchmakers' forceps.· 
The dimensions of the male reproductive organs alter with age; 
although it will be necessary to determine the importance of overall 
body size in the explanation of the observed changes. Motile sperm 
are present in the testes within one day of emergence at 20°C. The 
lumen of the vas deferens often appears as a dark stripe in 5-10 day 
old flies. probably because of the passage of sperm after mating •. 
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Discussion 
A number of requirements have to be satisfied before a character 
can be successfully used in age determination. The character must be 
a necessary stage in development and not an optional character that 
develops only under certain conditions. The adult fat body is 
extremely variable in quantity, depending on the larval and adult 
nutrition." The females may develop large adult fat reserves, if 
ovary-development is prevented by the absence of protein in the 
diet. ·(Evans, 1935). 
·. ~- ' The age-groups should ideally follow in a continuous series, 
but in practice, delays of_ variable leDgth m~ arise between the 
developmental stages. In most insect species the female requires 
protein for ovary development, so any protein shortage will lengthen 
the developmental time (Vogt, Woodburn & Tyndale-Biscoe, 1974). The 
cabbage root fly . 
. A female is unusual in not requiring protein for the production of 
the first batch of eggs (Pinch&: Coaker, .l969bl, and in th.e field 
fe~ individuals produce a second batch of. eggs (Pinch, 197lb); The 
female needs also to locate a suitable host plant for oviposition. 
The development of the male reproductive system is less demanding of 
, .. nutrients, and is. li.ttle affe.cted by nutrient shortage (Wigglesworth, 
1966). 
The character must change sufficiently with age, to avoid being 
obscured by the individual variation.-· The characters should also" 
develop at the same rate in di·fferent populations, otherwise the 
interpopulation comparisons are not valid (Ascerno ll al., 1978). 
The dimensions of the organs (e.g. pupBl fat, testes) depend 
partially on the overall body size of the individual. The use of 
characters independent of body size would have the advantage of 
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I' 
eliminating the additional measurements. 
The design of the sample program imposes further constraints on 
the selection of usable characters·. The cabbage root flies are to be 
collected from the yellow water traps a·t weekly intervals,. so 
characters requiring recently-killed specimens will not be practic-
able (Ascerno et al., 1978). The teneral characters are lost too 
rapidly, and consequently will be rarely sampled. 
- The main objective of the sample program is to obtain a statis-
tic~ly.reliable description of the change in density with distance. 
It will be nece.ssaey,, to process ~ large number of. flies, so a:n;y 
method of age determination will .. need to be rapid. The methods 
based on chemical changes or the cuticular bands are too complex and 
could be applied to only a small number of flies. The cuticular bands 
are not. necessarily an accurate indicator·. of age~ particularly once 
', the mar!nnJm size of the cuticle has been reached. 
Conclusion 
. ··•.: . _., . ·.· .... 
' · The. changes in pupal fat • testes colour and in the dimensions of 
the reproductive organs would merit further detailed study for the 
development of a .. male age determination method. 
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CHAPTER II.4 
The relationship between age and the changes in the pupal fat and the 
dimensions of the male reproductive organs 
int~duction 
The preliminary considerations indicate that the pupal fat, the 
testes~ oolour and the dimensions of the reproductive system, alter 
sufficiently with age to justify further detailed study. A quantita-
tive description of the changes with age, are now required for the 
assessment of how-useful the characters would be in assjgning an age 
.... to an unknown individual. The value of a character in age determin-
ation depends on the relative separation of the different ages. 
Small differences could be useful i~ there were also low individual 
variation~ The proportion of the variance explained (R2) · will be an 
• -- important criterion in the judgement of practical value. A low R2 
would indicate that the differences between ages are small in com-
parison with the indi'rldual variation (Lindeman, 1974). 
Methods 
The flies were collected at 10 a.m. using a pooter, and trans-
ferred to 15 cm. diameter perspe:z: rearing cages. They were provided 
with 10% sucrose· solution on cotton wool plugs, whi.ch were replen-
ished daily to minimise mortality. A slice of swede on a layer of 
sand.was avaiiable as an oviposition site (Finch & Skinner, 1969a). 
This site was renewed every two days, because the swede dries out and 
becomes less attractive to the females. The cages were kept at 
20 ! 1°C in a light regime of 16 hours light/8 hours dark. I The long 
light phase is essential to prevent the pupae from entering diapause 
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(Coaker & Finch, 1971), or the adults from reproductive diapause 
(Begon, 1976b). 
The flies were killed in tap water to which a trace of detergent 
had been added, and were then transferred to a 0.75% saline solution 
(Anderson, 1964; Miller & Treece, 1968; Jones, i971). All dissections 
were carried out on the day of killing. 
The preliminary observations indicate that the changes in the 
0 
characters are completed within ten days at 20 c. This covers the 
most' important stages in the female life cycle, and it is likely that 
only a small- proportion of adults in the field survive beyond this 
physiological age; The main body of observations were made 'on ten 
males and ten females for each day from recently-emerged to ten days 
old. 
The body size was measured as the head and the thorax width using 
a mic::rometer eyepiece at :z: 10 magn1fication. The abdomen of the fly 
was then separated from the rest of-the body in 2 cm3 of 0.75% saline 
solution 1ri a 4 cm. diameter Petri dish. The pupal fat cells adher-
ing to the thorax were removed by gentle agitation0 and, the thorax 
was discarded. The abdomen was then torn apart using watchmakers' 
forceps to liberate the free-floating pupal fat cells. A total count 
of the fat cells was made at x 10 magnification, using a stage grid 
to"facilitate· the count and side illumination to contrast the whitish 
fat cells. Only cells with a diameter greater than 0.05 mm. were 
counted. This limit was necessary to separate the fat cells from the 
large number of small gobules, which are probably the breakdol'lll 
remnants of the fat cells (Fig. 11). 
The diameter of the ~dividual fat cells varies with a normal 
distribution (Fig. 3), so it is only necessary to measure a sample 
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FIG. J 
The testing of the normality of the size distribution 
of fat diameter using probability paper. 
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for the calculation of a mean value. The required sample size can 
be estimated from the expression (1) (Elliot, 1977; Southwood, 1978). 
n = (S/x.p) 2 (1) 
where S = standard deviation 
-x = mean 
p = required pre_cision (10% = 0.1) 
A small number of preliminary ·observations suggest that thirty cells 
should be measured for each individual:. (Table 4a). In a similar 
experiment, Spradbery &: Sands (1981) measured only ten cel~s. The 
.cells are usually spherical and would be adequately represented by 
measurement across their greatest dimension. (at x 40 magnification). 
The ovarian stage of the female was determined according to the 
scheme of Hawkes (1975). The oviduct was checked for follicular 
relics under a compound microscope at x 100-400 magnification. 
A more detailed description of the·. various organs was made for 
the male flies. The colour of the testes was matched to a standard 
set of colour charts (Kornerup &: Wanscher, 1963). This proVides a 
very detailed classification, which was simplified into five subjec-
tive groups (Table 4b). The length and width of both testes and both 
accessory glands were measured along their greatest dimension using 
a.micrometer eyepiece at x 40 magnification. A description of. the 
external appearance of both organs was also made, noting in particular 
any changes in shape and visible evidence (e.g. granulation) .of the 
onset of secr.etory activity. The vas deferens was measured at the 
point of exit from the junction of the testes and the accessory glands, 
.. using the micrometer eyepiece. 
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TABLE 4 
The preliminary observations of fat diameter in male cabbage root fly. 
4a 
Age(days) Mean fat diameter Standard deviation Required sample 
( X4o mm ) size 
0 11 . 13 4.05 12.8 
2 8.2J 4 .46 29.4 
4 7 .00 7 . 00 6 .0 
8 5.70 o. 78 1.9 
4b 
The subjective groups used in the classification of testes colour. 
Group Colour Kornerup & Wanscher categories 
1 orange Plate 6,a+b 
2 orange-red P8,a-c 
3 brown P6,c-f j P7,d-f 
4 red P9,a-c,P10,a-c 
5 dark red P8,d-f j P9,d-f P10,d-f 
Results 
A detailed summary of the male and female measurements are 
presented in Appendices 2 and J. 
The head and thorax width are very highly correlated (for the 
females r = 0.919_, N = 110, p< 0.001), so in future analyses the head 
width will be used as the measure of the overall body size, because 
it was the easier to measure accurately. 
(a) Pupal fat 
-The fat number and mean fat diameter of both males and females 
clearly do not decline linearly_with age (Figs 4- 9). The relation-
ship can be empirically described by polynomial equations, fitted by 
multiple regression (Kleinbaum & Kupper, 1978). The high proportion 
of the variance explained (R2) and the random residual pattern indi-
cate that the models are good statistical descriptions of the data. 
The importance of body size as a determinant of the quantity of pupal 
fat was tested_ by including head width as an additional variable in 
the multiple regression. The body-size explains a relatively small, 
but statistically very significant proportion of the variance in fat 
number and mean fat number of both males and females. 
It is of interest to compare the slope and intercept of the 
fitted male and female regressions. This can be elegantly achieved 
by means of a dummy variable in a multiple regression of the combined 
data (Kleinbaum & Kupper, 1978). The female flies are significantly 
larger (t = 4.06, N = 220, p < 0.05) than the males, so the head 
width will be included as a covariate. A single dummy variable is 
necessary for the definition of two groups, coding zero for the males 
and unity for the females. A third order polynomial provides the best 
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FIG. 4: 
The relationship between rat number and age. ror remale 
cabbage root flies. 
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FIG. 5 
The relationship between mean fat diameter and age for 
female cabbage root flies. 
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FIG. 6 
The relationship between fat number and mean fat diameter . 
for female cabbBge root flies. 
ss DF MS F 
X. 22..049074. 1 22.049074. 555.1 *** 
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FIG. 7 
The relationship between fat number and age for mal~ 
cabbage root flies. 
X 16785922. 1 16785922. 443.8 .... 
x2 177727. 1 177727. 4.7. 
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FIG. 8 
The relationship between mean fat diameter and age 
for male cabbage root flies. 
ss DF MS F 
X 0.1916 1 0.1916 361.4 *** 
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FIG. 9 
The re~ationship between fat number and mean fat diameter 
for male cabbage root flies. 
ss DF MS F 
X . 16538090. 1 16538090. 5~.4 *** 
x2 1028067. 1 1028067. 30.8 *** 
Head width 138015. t 1:38015. 4.5 • 
Residual 3189795. 105 30379. 
Total 20893959. 108 
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The relationship between fat volume and age for male 
cabbage roo~ flies. 
ss DF MS F 
X 693.40 1 693.40 261.6 **·* 
x2 159.97 1 159.97 60.3 *** 
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FIG. 11 
The changes in appearance with age in the pupal fat cells. 
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explanation of the change in fat number with age for both males and 
females (Figs 4 & 7). The two sexes can then be compared b,1 fitting 
the multiple regression model (2). 
where x = age (days) 
H = head width 
z = dummy variable 
For males (z = 0) 
Y = a + b1x + b2x
2 
+ b3x
3 + b4H 
For females (z = 1) 
Y = (a + b5) + (b1 + b6)x + (b 2 + b7)x
2 
+ (b
3 
+ b8)x
3 + b4H 
The males and females differ significantly in both the first and 
third power of age, for both fat number and. mean fat diameter 
(Table 5). The males appear to lose the pupal fat more rapidly in 
the initial two days after emergence, after which the females show a 
rapid loss of fat. 
In previous studies the pupal fat has usually been expressed as 
a volume, which decreases exponentially with .age (Adams & Nelson, 
1969; Olson, 1980; Spradbery & Sands, 1981). The volume is a con-
cise summary of the changes in both number and diameter, and can be 
estimated using equation (3) by assuming the fat cells are truly 
spherical (Fig. 10). 
Volume 4 - ''L - - (d/2)-N 
- J (J) 
where d = mean fat diameter 
N = fat number 
This expression vdll not accurately estimate the true volume of 
pupal fat, because the cubic power will relatively underestimate the 
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TABLE 5 
The comparison of the regression of fat number and mean fat diameter on 
age of the male and female cabbage root flies. 
Fat number 
DF ss . MS F p 
Regression 8 41442661. 5180332. 134.7 c 
Age(x) 1 38670000. 38670000. 1005.1 c 
2 1 688123. 688123. 17.9 x· c 
3 1 999386. 999386. 26.0 X c 
Head width 1 640729. 640729. 11.7 c 
z 1 5911. 6911. 0.2 
xZ 1 224917. 224817. 5.9 a 
x
2z 1 9071. 9071. 0.2 
x
3z 1 204555- 204555- 5.3 a 
Residual 216 8310115. 38473. 
Total 224 49752779-
Mean fat diameter 
DF ss MS F p 
Regression 8 0.58059 0.07257 127.3 c 
Age(x) 1 0.51677 0.51677 914.6 c 
xa.. 1 0.02763 0.02763 48.9 c 
3 1 0.00207 0.00207 3-7 X 
Head width 1 1.00277 0.00277 4.9 a 
z 1 0.02075 0.02075 36.7 c 
xZ 1 0.00805 0.00805 14.2 c 
x
2z 1 0.00008 0.00008 0.1 
x
3z 1 0.00246 0.00246 4.4 a 
Residual 216 0.12200 0.00057 
Total 224 0.70259 
a p < 0.05 
b P< 0.01 
c p < 0.001 
volume of cells larger than the mean. 
The fat number and mean fat diameter both decline simultaneously 
with age, and it would·be necessary to measure only one variable if 
they were closely correlated• A second order polynomial provides a 
good empirical description of the mBle data (Fig. 9) and was also 
fitted to the female data to facilitate comparison between the sexes, 
even though the second power does not explain a significant amount of 
female variance (Fig. 6). The use of a multiple regression model is 
not strictly valid since both variables were measured with error. A 
type II regression should be applied, but multiple regression proce-
dures are only available for type I regression (Sokal & Rohlf, 1969). 
The error will not be independant of the variables, which could have 
serious consequences for the significance tests ·although the fitted 
parameters should be less seriously affected (Glass, Peckham & Saunders, 
1972; Lindeman, 1974). 
The pupal fat cells alter in appearance with age (Fig. 11), the 
component globules gradually increasing in size until the whole cell 
disintegrates into a large number·of smaller globules (Evans, 1935). 
These globules were too numerous to count, and were excluded from the 
estimate of the mean fat diameter. The apparent decline in mean 
diameter (Figs 5 &·B) to a minimum, is caused by this disintegration 
of the cells which are not then measured.· 
(b) Male reproductive organs 
The testes length and width both alter significantly with age, 
although only a relatively small proportion of the variance is 
explained (Table 6). The.large number of observations produce the 
high statistical significance, but the variables would not be prac-
ticably useful in age determination. The length and width are 
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TABLE 6 
The results of the regression of the dimensions of the male reproductive 
organs on age. 
Testes length 
Testes width 
Testes lengthXwidth 
Accessory gland 
length 
Ace. gl. width 
Ace . gland 
lengthXwidth 
Vas deferens 
N Intercept Slope 
108 1.075 -0.019 
108 0.524 -0.020 
108 0.559 -0.028 
107 0.816 -0.008 
107 0.273 +0.003 
107 0.224 +0 . 005 
95 
a.. ::; f < o.os 
f <: o . ol 
P <: o.oOI c 
PARTIAL F 
R2 Age Head width 
21.1 C-29_.6_ 0 .03 
c_ ~ 
59-9 17).2 9-7 
c. D-
61.7 184.0 6.0 
b b 
5 .2 7-3 7-9 
7 -7 
c 
10. 4 
(1. 
5-9 
c c. 10.) 15 . 9 11.9 
O.J 3 .2 
FIG. 12 
The relationship between testes length x width £or 
male cabbage root flies. 
ss DF MS F 
X 0.8279 1 0.8279 184.0 ••• 
Head width 0.0269 1 0.0269 6.0 * 
Residual 0.4800 106 0.0045 
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FIG. 13 
The relationship between testes colour and age 
for male cabbage root flies. 
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The relationship between accessory gland length x width 
for male cabbage root flies. 
ss DF MS F 
X 0.02728 1 0.02728 14.6 *** 
Head width 0.02223 1 0.02223 11. .9 *** 
Residual 0.19615 105 0.00187 
Total 0.24567 107 
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FIG. 15 
The relationship between vas deferens width and age 
for male cabbage root flies. 
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statistically very highly correlated .(r = 0.322, N = lOB, p( 0.001), 
but they are not good predictor~ of· each other because of the high 
individual variation. The two variables both decline With age and 
could be combined to produce a more usefUl new variable. The multi-
plication of length and width will enhance the separation of'the 
different ages and explains a larger proportion of the variance 
(Table. 6;.Fig. 12). The overall body size explains a statistically 
significant proportion of the variance, but this explanation is small 
compared to that achieved by age. The body size could be ignored 
with only a small loss of precision. The testes colour changes 
rapidly with age and could be useful in the· recognition of recently-
emerged males (Fig. 13). 
The accessory gland length and width both alter significantly 
with age, although the explanation of variance is very low even if 
the two dimensions are combined (Table 6; Fig. 14). The small dif-
ferences between the ages are obscured by the large individual vari-
ation.· The vas deferens width does not alter with age (Fig. 15). 
Discussion 
The rate of pupal fat loss differs between the males and females. 
The males initially lose fat more rapidly, ·but after 2 days at 20°C, 
the females undergo a rapid increase in the rate of fat loss. The 
disappearance of the pupal fat in females has been experimentally 
related to ovary development (e.g. Munro & Bailey, 1965). The fat 
body provides a source of nutrients for the high demand caused by the 
developing ovaries. What drives the pupal fat loss in males is 
·uncertain, but it may be under hormonal control with the fat passing 
to the forming adult fat body (Adams & Nelson, 1969). The adult 
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diet could have an important effect on the rate of disappearance of 
the pupal fat (see later). · ·. · .... _. ' 
. . ' 
. -:-... . ... 
It is only necessary to measure one variable, as the changes in 
fat number and mean :t:at diameter are closely correlated. The enumer-
ation of fat number is unlikely to be as accurately measured as mean 
fat diameter, which can be rapidly assessed from a small number of 
random measurements. 
The pupal fat, testes colour and the testes dimensions alter 
significantly with age, and would seem to offer useful characters in 
age determination of males. The body size explains only a small 
proportion of the variance and can be omitted with little loss of 
precision, but would reduce the cost of data collection. 
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CHAPTER II. 5 
The use of pupai fat and reproductive organs for male age determination 
Introduction 
The preceding experiments have identified the fat number, mean 
fat diameter, testes colour and testes-dimensions, as useful candi-
dates for male age determination. These variables all demonstrate a 
-
clear trend with age, but the individual variation prevents the 
accurate predi-ction of age from any one variable. The variables are 
all mutually correlated, so they should all be considered together 
as a multivariate problt[lm.. It is necessary to discover the optimal 
combination of characters to distinguish between the different ages. 
Discriminant analysis was specifically designed for the separation of 
groups on the basis of multivariate observations. A linear discri-
minant function is calculated to describe the discontinuous (nominal) 
dependent variable using the set of continuous independent variables. 
This can be contrasted with regression analysis where a continuous 
dependent variable is describe'd by any mixture of continuous or 
. discontinuous variables. The two methods are based on different 
statistical assumptions; regression analysis requires normality of 
the dependent variable, whereas discriminant analysis requires 
multivariate normality of the independent variable. This multi-
variate normality can be ensured by the specification of the groups 
in advance of data collection (Kleinbaum & Kupper, 1978). The daily 
collection of flies represent discrete groups, as the adult emergence 
is a discontinuous process (Ch. II.2) and these groups are the basis 
for all the measurements of aging characters. 
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Methods 
·.- The data collected pre~ously for the 0-10 day old male flies 
will be used for the discriminant analysis, providing a basic data 
set of 112 cases. The computation was performed using the 
DISCRIMINANT subroutine of the SPSS package (Nie ~al., 1975). 
Results & Discussion 
A summary of the observations of the pupal fat and the repro-
ductive system are given in Appendices 2 and J. 
(a) The relative discriminant ability of the variables 
The initial step is to identify those variables which demonstrate 
significant power of discrimination. A stepwise procedure was chosen 
with one variable being added into the analysis at each step. The 
variable is selected to maximise the partial F, after adjusting for 
the variables already included in the analysis. 
The Wilks' lambda statistic is an inverse measure of the discri-
minatory power of a variable; the larger the value of lambda, the 
smaller the power of discrimination shown by that variable. The 
lambda can be converted into a x2 statistic for a convenient test of 
statistical significance. All the variables are found to show 
significant power of discrimination (Table 7a), though fat number and 
testes-. colour are responsible for the majority of the decrease in 
the value of lambda. The mean fat diameter and testes size do not 
greatly enhance discrimination, and they could reduce the separation 
of the groups through interaction between the variables. 
(b) Deriving the discriminant function 
A discriminant function is a weighted linear combination of 
the variables (1). 
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TABLE 7 
A 
Xhe results of the discriminant analysis of the daily age-groups of the 
males • 
Step Enter Wilks1 Lambda Significance 
1 FAT NUMBER 0.17735 p < 0.001 
2 TESTES COLOUR 0.051q4 
3 MEAN FAT DIAMETER 0.03963 
q TESTES L x W 0.03100 
B . 
Chi2 Function %Variance explai11ed After function Wilks' Lambda DF 
0 0.0310 359.6c 4o 
1 • 85.8 1 0.3236 116.8c 27 
2 • 10.8 2 0.7071 35.9c 16 
3 • 2.3 3 o.o8836 12.9 7 
4 1.2 
·= functions used in remaining analysis 
L = a + bl~ + b2x2 ••• bnxn (1) 
The discrim1DaDt score (L) is used to assign an unknown individual to 
a group that it most resembles, based on the distance (in multivariate 
space) from the centre of the group, and the probability of observing 
a distance of ~hat magnitude (Kleinbaum & Kupper, 1978; Lindeman, 
Merenda & Gold, 1980). 
It is possible to generate a virtually .limitless series of 
functions, but of decreasing discriminatory ability. The functions 
are tested.after they each have been calculated.to determine whether 
a statistically significant· amount. of discrimiDaDt information remains 
(Table 7b). The first three functions account for the majority of 
the variance, and will be used for classification. The right hand 
side of the table indicates'the change in Wilks' lambda as the 
information in successive functions is removed. 
(c) The standardised discriminant coefficients 
The standardised coefficients could be used far the calculation 
of the discrimiDant score, if the variables were transformed to a 
standardised scale. The coefficient'S are of analytical interest, 
since they represent the relative contribution of each variable to 
the function. They can be used to identify the dominant variable 
which can be used to 'name' that function. The testes colour is 
dominant in the first function (Table 7c) making a pegative contri-
bution. In the second function, testes colour is again domiDaDt, but 
now making a positive contribution. The third function is domin-
ated by the mean fat diameter. The discrimination between the 
different ages is thus largely dependent on the testes colour and 
mean fat diameter. 
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(d) The classification phase 
' The effectiveness of. the discriminant functions can be investi-
gated by classifying the original individuals on the basis of their 
discriminant scores •. It was found that only 58% of the cases were 
correctly classified to the group to which they actually belong 
(Pig. 7d). The discrimination between groups is statistically very 
significant, but the groups cannot be adequately separated because 
of the wide individual variation. The overlap of the different ages 
can be clearly seen in the plots of fat number·and mean fat diameter 
against age (Figs 4-9) · · (Cw:Uich 8c Mer, 1952; Anderson, 1964). 
However, there is an indication that a smaller number of age-groups 
might be recognized, after combining individual days. This can be 
illustrated by the zero and one day old flies, where only 75% were 
correctly classified to the correct day (Pig. 7d), but 95% were 
allocated between the two days. 
(e) ·cluster analysis \ 
·The groups are specified ~ priori for discriminant analysis, 
and any attempt to-search for meaningful groups~ oosteriori requires 
the use of clustering techniques. The objective is to locate groups 
in the-data, where the variation between-groups is greater than the 
variation within the groups •. The cluster analysis was calculated 
· procedure 
using the recommended- A. · of the CLUSTAN Ill package .(Wishart, 
.1978). The data were standardi.s.J and the principal components were 
calculated. A similarity matrix was created between the .individual 
cases using the error sum of squares criterion. A hierarchical 
clustering was then performed by Ward's method, producing a 
dendr9gram·summa:cy (Pig. 16). This classification is a robust, global 
solution as a reclassification phase (RELOCATE, Wishart, 1978) 
causes no significant changes. 
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The cl.ustering identifies three distinct groups, which corres-
pond. strongly with ~he ages of the individuals (Pig. 16). The first 
group contains.· the zero and one day old flies; the second group con-
tains _the 2-4 day old flies; and the. third group contains the 5-10 
day old flies. Overall, 87.5% of the cases were classified to the 
correct age-group. 
(f) Definition of the new age-groups 
The numerical boundaries of the age-groups were estimated from 
the plots of fat number, mean fat diameter and testes colour against 
age (Table 8). The original data were then receded and a discriminant 
analysis calculated, where 78.6% of the individuals were correctly 
9lassified. In practice, the precise measurement of fat number and 
mean fat diameter is time-consuming, so it would be desirable to 
simplify the procedure. The fat number and diameter are closely 
correlated, so only one need be measUred. The mean fat diameter can 
be rapidly assessed from a small random sample, and will be given the 
greatest weight in classification. There is a small improvement in 
classification, with 91.1% of the individuals being correctly assigned 
to their age-group. 
(g) An independent test of the discriminant function 
It is better practice to test the discriminant model with indep-
endent data, rather than with the data used in its derivation 
(Lindeman, Merenda & Gold, 1980). An additional 46 male flies were 
dissected and scored for fat number, fat diameter and testes colour 
(Appendix 4), and 82.6% were classified correctly. 
) 
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FIG. 16 
Tha hierarchical clustering of the male flies on the basis of 
pupal fat number,mean fat diameter,testes colour and testes size. 
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TABLE 8 
The definition of the male age-groups. 
AGE FAT NUMBER MEAN DIAMETER TESTES 
0 (days 20 C) ( mm ) COLOUR 
AGE 
GROUP 
1 0,1 > 900 > 0.225 Orange 
2 2-4 600-900 0 .150-0.225 Orange-red + 
J 5-10 < 600 < 0. 150 
AGE MEAN FAT MEAN TESTES 
0 (days 20 C) DiAMETER COLOUR 
AGE-
(x1) (x2) 
GROUP 
1 o, 1 1.500 1 .200 
2 2-4 2.067 1 .700 
J 5-10 2.887 2.000 
FUNCTION 1 
L 1= -8 .3756 + 0 . 7108x1 + 1 . 5945x2 + 1 . 7125x3 
FUNCTION 2 
AGE-GROUP MEAN DISCRIMINANT SCORE(L1+L2 ) 
1 -4.0119 
2 
-0.8957 
J +2 .4223 
red 
Red 
MEAN FAT 
NUMBER 
(xJ) 
1.000 
1.700 
2.887 
) 
The methods of assigning an individua l to a group are desr ibed in 
Kleinbaum & Kupper (1978) and Lindeman,Merenda & &old (1980) 
1 - - ) The simple~t method is to use a cut-off point of ;(2 (L +L 1 n n+ 
Conclusions 
Any method of age determination will have its associated advan-
tages and disadvantages, and it is necessary to reconcile these with 
the requirements of the experiment. The method based on pupal fat 
and testes colour has the major advantages of being rapid and appli-
cable to flies that have been stored for long periods in a deep 
freeze. The major disadvantage of the method is the error rate (at 
least 10%) due to individual ·variation. The method allows the recog-
nition of only three age-groups, which are not of equal duration. 
In a small proportion of cases, the abdomen becomes detached from the 
fly which cannot then be classified. ·,· 
A major requirement of the present study is the ability to process 
a large number of flies, so the need is for a rapid method of age 
assessment. The larger number of flies used will partially offset the 
classification errors. The small number of age-groups means that the 
age cannot be precisely established, but the larger number of flies 
in each age-group will improve the statistical reliability. The loss 
of the abdomen was only a significant problem for flies that had been 
stored in a· deep freeze for six months or more. The method .of male 
age determination is adequate for the requirements of the present 
study. 
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CHAPTER II • 6 
An improved method of female age determination 
.. ·· . 
Introduction 
The detection of follicul.ar relics for the recognition of parous 
females, is often difficult and requires a microscopic examination. 
Anderson (1964) proposed that the pupal fat would provide a useful. 
character for the rapid separation of nulliparous and parous females. 
The relationship between pupal fat number and mean fat diameter with 
ovary stage, can be investigated using the data previously gathered 
in connection with the description of the age-related changes. 
Results 
There is a clear separation between nulliparous and parous 
females (Figs 17 & 18), and the dividing line can be estimated as a 
fat number of 600, and a mean fat diameter of about 0.19 mm. These 
criteria together will correctly classify 97.3% of the individuals. 
Discussion 
The pupal fat provides a fast and accurate method of separating 
nulliparous and parous females. There are a small number of ambi-
guous individuals, which cannot be classified with certainty by their 
pupal fat. In these cases, a check can be made for follicular relics, 
expansion of the ovariole or the distance between the most mature 
follicle and the junction of the ovariole and the paired oviducts 
(Hawkes, 1975). 
- 56 -
FIG. 17 
The relationship beueen fat number and the age.-class; 
for female cabbage root flies. 
ss DF MS F 
X 20556807. 1 20556807. 330.6 ••• 
x.2 132393. 1 132393. 2.0 
x3 430918. 1 430918. 6.9 •• 
Head width 491347. 1 491347. T.9 •• 
Residual 6715825. 109 62184. 
Total 28327281 .• 112 
FIG. 18 
The relationship between mean fat diameter and 
the age-class for female cabbage root flies. 
ss DF MS p 
X o. 27461 1 0.27461 249.6 ••• 
2 
X 0.00504 1 0.00504 4.5 • 
Head width 0.01276 1 0.01276 11.6 ••• 
Residual 0.12279 109 0.0011.3 
Total 0.41520 112. 
Y= 0.288 - 0.036x + o.016x2 
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CHAPTER II.7 
.. . . 
·The comparison of the age determination in two independent populations 
The method of age determination has been derived from measure-
menta of laboratory-reared flies. There are quite different selection 
pressures in a laboratory culture than the natural environment, so 
it is uncertain whether the method can be applied· to wild flies. The 
culture flies are provided with a high quality diet in abundance, so 
competition may be reduced, and there is no predation or host plant 
finding hazard •.. The small.population could allow significant genetic 
drift. The wild and cultured fl:i,es have been observed to differ in 
their rates of dispersal (Pinch & Skinner, 1975; Hawkes, Patten & 
Coaker, 1979), but not in their eclosion pattern (Thompson & Price, 
1979). 
Ideally wild flies of known age should be collected for compar-
ison with the culture flies, which would require either the trapping 
of emerging adults in the field, or the field collection of pupae 
for emergence in the laboratory. The two alternatives were imprac-
ticable because of the high cost of collection, so the method will 
be tested by the comparison of two independent cultures. 
Methods 
A batch of approximately 200 pupae were obtained from the cab-
bage root fly culture of the National Vegetable Research Station 
(Wellesbourne). The emerged adults were collected at 10 a.m. and 
transferred to perspex rearing cages. The flies were supplied with 
10% sucrose solution on a cotton wool plug, and kept at 20 ! 1°C 
under a 16 hour light/8 hour dark photophase. The flies were 
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dissected after an interval of 0-7 d~s, and scored for fat number, 
mean fat diameter, testes colour and·.testes dimensions. 
Results 
A summary of the results is given in Appendix 4. The relation-
ship between-the pupal fat and age differs between the two cultures • 
.. The Plymouth data. were best described by a second order polynomial 
for mean fat diameter (Pig. B) , and a third order polynomial for 
fat number (Fig. 7) •. The Wellesbourne data are adequately described 
by a linear regression for: .both fat number and ·fat diameter (Figs . 
. 19 ~ 20); the higher order terms do not explain- significant additd.onal 
variance. T~e quantity of pupal fat was dependent on body size for 
the Plymouth males, but independent of body size for the Wellesbourne 
males. This difference could be caused by the measurement of a 
smaller sample ·.of males from Wellesbourne-. No measurements were made 
on B-10 da~ a1d Wellesbourne males, so the curvature of the plots 
against age are less obvious, which reduces the significance of the 
higher powers of age. 
The two populations can be directly compared by means of dummy 
variables in a multiple regression model fitted to the combined data 
(Kleinbaum &c Kupper, 1978). The Wellesbourne males are significantly 
larger (t = 6.41, n = 135, .p < 0.001) than the Plymouth niales, so 
head width will be included as a covariate in the model. The two 
populations differ significantly in their intercepts for the regres-
sion of fat number on age, and differ significantly in their slopes 
for the regression of mean fat diameter on age (Table· 9; Fig. 21). 
The Wellesbourne males contain slightly fewer fat cells, and the 
mean diameter decreases slightly more rapidly with age than the 
Plymouth males. 
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FIG. 19 
The relationship between mean fat diameter and age 
for male cabbage root flies from the Wellesbourne 
oul.ture. 
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FIG. 20 
The relationship between r~t number and age ror male 
cabbage root- rlies rrom the Welle~bourne culture. 
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[" __ TABLE 9 
The comparison of the regressions- of male fat number and mean fat 
diameter on age betwwen Plymouth and Wellesbourne flies. 
Fat·number 
DF ss 
Regression 8 27619419. 
Age(x) 1 25828108. 
2 1 537950. X 
X3 1 483635. 
Head width 1 369008. 
z 1 314759. 
xz 1 68157· 
x
2z 1 513. 
x
3z 1 17303. 
Residual 164 6615433. 
Total 172 34234857. 
Mean fat diameter 
Regression 
Age(x) 
2 X 
Head width 
z 
xz 
x
2
z 
Residual 
Total 
Df ss 
8 0.46297 
1 0.41173 
1 0.03158 
1 0.00955 
1 0.00197 
1 0.00786 
1 0.00028 
166 0.0983 
172 0.56127 
a P < 0.05 
b = p < 0.01 
c p ~ 0.001 
MS F p 
3452427. 85.6 c 
25828108. 650.3 c 
537950. 13.3 c 
483635. 12.0 c 
369008. 9.1 b 
314759. 7.8 b 
68157. 1.7 
513. 0.01 
17303. 0.4 
4o338. 
MS F p 
0.07716 130.8 c 
0.41173 "697.8 c 
0.03158 53.5 c 
0.00955 16.2 c 
0.00197 3-3 
0.00786 13.3 c 
0.00028 0.5 
0.00059 
FIG. 21 
\ The comparison o~ the age-related changes in the ~at numbe~ 
and mean fat diameter of laboratory-reared cabbage root fly 
males from Plymouth and Wel1asbour.ne. 
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Discussion 
The flies from the two cultures differ in the quantity and rate 
of change of the· pupal fat·. These differences. will cause errors in 
the classification of the Wellesbourne males according to criteria 
derived from measurements on the Plymouth males. The differences 
are small, so 86.9% of the individuals were correctly classified by 
the discriminant fUnction. 
The changes in fat quantity and testes colour occur in the same 
sequence in both populations, so the age-groups can be used as a 
physiological age indicator. All the flies of a particular age-
group will have reached.tlie same developmental stage and will be 
directly comparable, although they will differ in actual chronological 
age. 
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CHAPTER II .8 
Th;).~'~-~-~' ·-of ae;e determination methods for field populatioris 
- •••• :,_ ;'-::. :·· '<' ...!:.·: - ~· ·--· -· -. 1'_-··4 ,. .,. -. 
_Introduction 
The age determination methods have been shown to reflect the 
changes in age in laboratory experiments, and can be applied to the 
field samples. The-. age structure would be expected to change nth 
time (e.g. Davies, 1963; Detinova, 1968; Jones, 1971; Began, 1976b), 
and also with distance from- the emergence site. The-, age structure 
can pravide a useful indication of the location of the sources of 
emerging flies, and whether the population is increasing or declining. 
The age-groups will also form the basis for the estimation of rates 
of dispersal in this study. 
Methods 
All the flies caught at the various sample times in the different 
experiments (Ch. III.)} were dissected and assigned to one of the 
age-groups •. The small numbers of flies with missing abdomens were 
apportioned to the age-groups in proportion to the classified flies. 
The relative changes in age structure can be best seen after the total 
catch has been standardised to a constant value• -
It was thought that the flies might delay emergence on the live-
stock rearing farms~ where the brassica crops are not planted-until 
the second generation of cabbage root fly. This possibility was 
investigated at Great Englebourne Farm by continuing the sampling with 
yellow water traps through the second generation at the site of emer-
gence of the first generation. The details of the site and trap 
layout are given in Ch. III.3. In 1980, the site of the first 
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generation emergence was isolated (over 600 m.) from all other 
potential sources of fiies' which would prevent Bey significant in-
put of flies (:Pinch Be Skinner, 1975). The hedgerows contain very 
few wild crucifers, so there will be very few flies emerging from 
this source~ In 1981, the emergence site of the first generation was 
less isolated (240 m.) from 
COI.~~t"~ f1:j 
population of A developed 
Results Be Discussion 
CA~,!)e. .-ool::. .fli4S . 
other sources of A , but· only a small 
at these other sources. 
The three generations per year can be clearly identified (:Pinch, 
1977). The number of flies caught rises to a sharp peak due to emer-
gence, followed by a rapid decline as the flies gradually die (:Pigs 
22 Be 23). The smaller scale fluctuations on this pattern may be 
caused by changes in'the weather (e.g. temperature, rainfall) affec-
ting ·the trap catch (Miles,.l954; :Pinch Be Skinner, 1975). 
The maximum catch of males occurs earlier than for females, 
because of their earlier emergence· from the pupae (Pinch, 1977). The 
maxima of·. the different age-groups occur at different times; the 
younger age-groups generally reaching a maximum bef.ore the older age-
groups ·(:Pigs 22-27). The proportion of the older age-groups gradually 
increase through the generation, and the age structure provides use-
ful additional information for the separation of the generations (:Pigs 
22-25). The emergence of a new generation is clearly marked by the 
appearance of young flies. 
There is-some evidence for delayed emergence of the first genera-
tion at Great Englebourne. There was a peak in the catch at week 10 
(in 1980) for the traps at the first generation emergence site, that 
can only be attributed to delayed emergence of first generation flies 
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FIG. 22 
The change in the age structure or the female population 
with time at Venn. Farm in 198·o. 
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.The change in the age structure of the mal~ population 
with time at Venn Farm in 1980. 
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FIG. 24 
The change in the age structure of the female population 
with time at Great Englebourne Farm in 1980. 
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FIG. 25 
The change in the age structure of the mala population 
with time at Great Englebourne in 1980. 
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FIG. 26 
Th~ change in age structure or the female populatio~ 
with time at Great Englebourne Farm in 1981. 
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FIG. 27 
The change in age structure of the male population 
with time at Great Englt!bourne Farm in 1981. 
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FIG. 28 
The emergence pattern or adult cabbage root flies 
rrom the pupae. 
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(Pigs 24 & 25). The large number of. young flies coUld not have dis-
persed from ·the distant known sources of emerging second generation 
flies. The peak emergence of second generation flies also occurs a 
week later at the garden plot. In 1981, .there is a. small secondary 
peak (Pigs. 26 & 27), but it is uncertain whether this is due to 
dispersal from the garden plot. The garden plot developed only a 
-very small population, so it is unlikely that sufficient numbers 
coUld disperse the distance ( 240 m.) .to first generation emergence 
site. 
cabbaae root fLies d The delayed emergence of some ~ nas oeen ~oun from laboratory 
f"i eld-
experiments onAcoilected wild pupae.(Miles, 1956), o~ the use of 
emergence traps on undist~bed populations (Pinch & Collier, 1983). 
The proportion of the popUlation showing delayed emergence varies 
from site to site, and may reflect differences in agricultural prac-
tice. The common practice (e~g. Great Englebourne) of planting the 
brassicas in midsummer means that there are no host plants available 
to the first generation. The first generation would be expected to 
be selected for long distance dispersal or delayed emergence. The 
laboratory-reared pupae show several peaks in emergence, with some 
flies emerging up to three months after oviposition (Pig. 28). 
Conclusions 
The age determination methods can be successfully applied to the 
field situation, and can provide valuable evidence of the population 
·dynamics and the location of emergence sites. The existence of . 
delayed emergence would me_an that the generations of CRP cannot be 
completly predicted from simple thermal accumulations (Coaker & 
Wright, 1963; Pinch, 1977). It is unknown whether delayed emergence 
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·'· 
occurs at other sites, because the emergence sites of the different 
generations were ·not auffici.eiltly isolated from each other •. 
·•. 
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CHAPTER II. 9 
Th~ ·:.influence of. environmental variables on the. rate of development 
Introduction 
The rate of development of the physiological age-groups depends 
on· the prevailing environmental conditions (e.g. temperature:•· 
photoperiod, diet, humidity, etc.). The absolute.age can be esti-
mated from the age-graups once allowance has been made for the changes 
in environmental condiUons. The temperature is the dominant deter-
minant of the rate of development in the poikilothermic insects 
(e.g. Tyndale-Biscoe Be Hughes, 1969; Vogt,, \Voodburn Be Tynda.le-Biscoe, 
1974; Kitching, 1977)·. · The other environmental variables are often 
closely correlated with temperature,· and their general effect.is to 
cause del~s in the temperature-driven development. In many insect 
species protein is required for egg development, and any. shortage can 
lead to the actual age being greater than predicted solely from the 
temperature record (Vogt!! ~ •• 1974). A short photoperiod can cause 
reproductive diapause, where the development of the reproductive organs 
is suspended (e.g. Began, 197Gb). The majority of insects overwinter 
as juveniles and the emergence of adults is controlled by photoperiod 
and temperature (e.g. Coaker Be Pinch, 1971), so the adults experience. 
only long light photophases. The humidity probably has no direct 
effect on development, but could affect the availability of the food 
sources and exert an indirect influence on mortality and development. 
. The rate of development can be estimated as the reciprocal of 
the duration of the readily identified life history stages (e.g. 
Ec~nrode Be Chapman, 1971; Guppy Be Harcourt, .1978). If the stages 
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can be identified by external criteria, then a single cohort can be 
. . . . 
followed through all the ·stages. In order to determine the age-
group of an adult, it is necessary to kill.the individual for dissec-
tion. The developmental period .of each age-group has then to pe 
estimated from the progress of development in a series of differ-
ently aged samples (Vogt !1 al., 1974). 
The relationship between the rate of development and temperature 
is often described using a linear function (e.g. Tyndale-Biscoe & 
Hughes, 1969; Eckenrode & Chapman, 1971). In fluctuating temper-
atures the proportion of development completed can then be deter-
mined as a thermal sum (expressed as day degrees) by the integration 
of the temperature above the developmental zero (e.g. Eckenrode & 
Chapman, 1972; ~ogt !1 !!·• 1974; Guppy &.Harcourt, 1978; Woodburn 
~al., 1978)". The relationship between development and temperature 
is rarely strictly linear, and can be more accurately described using· 
a sigmoid or polynomial curve, especially when extremes of temper-
ature are commonly experienced (Stinner 0 Gutierrez & Butler, 1974). 
The day degree concept does not apply to such non-linear models~ so 
the proportion of development completed has to be· estimated with a 
more complex routine when the temperature fluctuates with time 
(Stinner !1 !!·• 1974). 
A large number of studies have concluded that the rate of devel-
opment under fluctuating temperatures differs from the predictions 
made from the measurements at constant temperatures (Hagstrum & 
Hagstrum, 1978). In many cases, the relationship between development 
and temperature was never sufficiently accurately defined (Howe, 
1967). It is possible that development could proceed more rapidly 
in fluctuating temperatures, if development continues.at subthreshold 
or supralimi ti.ng levels, provided the organism· spends only a brief 
period at· such temperatures·. '· . 
Development is normally estimated. from the shade temperatures, 
but solar radiation can have significant effect on the body tempera-
ture of insects (Digby, 1955; Cena & Clark, 1972; Vogt et~ •• 1974). 
Willmer & Unwin (1981) analysed the effects of various factors on· 
the rates of heating and cooling of insects, and predict a temper-
ature excess of up to J°C for Delia spp. in full sunlight. 
The diet profoundly influences the· fecundity and longevity of 
female cabbage root flies (Finch & Coaker, 1969b; Finch, 197la). 
Carbohydrate is required for the· production of the first batch of 
eggs, and protein is also necessary for. the second and subsequent 
. batches. The development of male insects is generally little affected 
by nutrition-. although fertility may be reduced in starved individuals 
(Wigglesworth, 1966). The quality of the larval food has an important 
influence· on the rate of loss of the pupal fat (Tyndale-Biscoe & 
Hughes, 1969) • 
..... 
Methods 
The collection of the emerged flies at 10 a.m. will ensure that 
the majority of the flies will have completed a minimum of development 
( Ch. II. 2) •. The flies were transferred using a pooter to 15 cm. 
diameter perspex rearing cages. The rate of development was deter-
mined at eight temperatures (5, 10, 12.5, 15, 17.5, 20, 25, J0°C), 
which covers the range likely to be encountered in the field with 
particular.:. emphasis on the region of most rapid cha.nli;e in develop-
ment rate. (Howe, 1967). The experiments were carried out in a series 
'· of constant temperature r~oms to. an accuracy. of ! 1 °C, under a 16 hour 
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light daily photophase. Each temperature was replicated three times, 
except.for 30°C where only two replicates were used;. 
A cage of flies was killed at regular intervals at each temper-
ature, and the flies dissected to ascertain the age-group of the 
individuals. The sampling interval·varied with temperature,·.being 
.adjusted to provide at least seven. samples evenly spaced throughout 
·the complete development of the flies. This required sampling at 
. 0 0 
three-day intervals at 10 and 12.5 C; at two-day interval.s at ·15 C; 
and at daily intervals for 17.5 - 30°C. The flies kept at 5°C were 
sampled weekly, but no development'was detectable after six weeks. 
A m.in:imwn of ten males and ten·.females. was felt to be necessary to 
provide a statistically valid estimate of the age distribution. There 
is mortality of flies during an experiment, so it is necessary to 
start the experiment with a larger number of flies. The mortality is 
strongly dependent on temperature {Fig. 29), and at· the low or high 
temperatures it is essential to use large numbers of flies. The 
deaths at high temperatures can be minimised by maintaining the sucrose 
plugs continuously moist; at 25 and• J0°C the plugs were replenished 
in the morning and evening of each day. At the lower temperatures 
the less active flies tend to become. trapped in any free liquid on 
the plugs, and it was necessary .to add only the minimum of fluid to 
maintain moistness without producing any free liquid. 
The oviposition sites were continuously available, so there should 
be no delay in the commencement of oviposition. The sites were 
changed daily, the eggs separated by flotation in water and the 
number of eggs counted. 
The individual flies do not develop at the same rate, leading to 
a spread of age-groups at any sample time. A mean is not particularly 
meaningful because the age-groups are not of equal duration, as can 
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FIG 29 
The relationship between mortality and temperature. 
be seen from the non-i~ear reiati~nship between age and time· 
. . 
(Fig. JO)~ The distribution between the age-groups is not normal 
. . . 
(Howe; 1967; Sharpe, Curry & DeMichelle, 1977)., so the median would 
be a better measure of central tendency because it is more resistant 
to skewed distributions. Vogt £1~. (1974) estimated the mean time 
to compl·etion for a series of female age-groups. A weighted· mean was 
calculated, using the number of flies that have developed into the 
older age-groups for the weightings. This method will be seriously 
biased by slowly developing individuals (Howe, 1967; Sharpe et al., 
1977), and cannot provide an estimate for the oldest age-group. In 
.. this study, the median time for completion will be estimated for 
each age~group. The age of each sample will be expressed as a propor-
tion of the flies in the oldest age-group. For example, if half the 
flies are of age-group five, then the age will be plotted against 
time as 5.50 (Fig. JD). A sigmoid curve was then fitted to the age-
time data, using a non-linear least squares method (NAG, 1978). The 
median age for each age..:group can then be calculated from the fitted 
equation (Fig. JO). The first fly to enter an age-group will be very 
influential, and this method may overemphasise the older age-groups. 
It will not be possible to calculate a median time for the youngest 
age-group, but it will be possible for the oldest. age-group. 
The rate of development was estimated as the reciprocal of the 
developmental period. The relationship between development rate and 
temperature is best described using a polynomial equation (Fig. Jl), 
since this will allow the rate to decrease above the optimum 
(Stinner et~., 1974). These polynomial models (Table 10) can be 
used to estimate the rate of development at any temperature, although 
it would not be valid to extrapolate beyond the measured range. 
Oviposition marks the transition of females from a gravid · 
.' ' 
(age-group 5) to a parous (age-group '6) state; and provides. an age 
indicator that does not require the flies to be kdlied for dlssection. 
The median oviposition time was estimated from a sigmoid curve fitted 
to the egg number-time data using the non-linear least squares program. 
The final experiment·is a test of the predictions of the derived 
development equations under field conditions. A large muslin cage 
was erected to house the rearing cages; the muslin prevented direct 
sunlight from falling on the ·cages. The oviposition sites in each· 
cage were changed daily and the number of eggs determined, to provide 
an estimate of the median oviposition time. The daily fluctuation in 
temperature can be closely approximated by a sine wave fitted ·to the 
daily maximum and minimum (Allen, 1976). It was assumed that the 
maximum temperature occurs at 12 a.m. and the m1nim1m at 12 p.m. 
The percentage development completed in each hour- _can then be calcul-
ated, and summed until one hundred per cent development is reached 
(Stinner !1 al., 1974). 
The effect of diet on the rate of development was investigated by 
raising four simultaneous separate batches of flies, but each supplied 
with a different diet. One batch was supplied with a complete diet 
of 10% solution of sucrose and yeast extract to provide protein (Finch 
& Skinner, 1969a). The second batch received only sucrose solution, 
the third batch only water, and the final batch were supplied nothing. 
+ 0 The four batches were kept at 20 - 1 C for six days, when they were 
killed and dissected to determine the age-group of the individual 
flies. 
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Results & Discussion 
• •• ·! .. ~ '-. ' -- • • ' ._ •• ~. 
A SUIIIIII8.%'3' of the results for the investigation of the change.: in 
age distribution with time at different temperatures is given in 
Appendices.5 and 6. 
The relationship between age-group and time was well described 
by the sigmoid function, as can be seen from the high explanation of 
variance' (Fig. 30). In turn,· the relationship between development 
and temperature is well described by the polynomial equation (Fig.· 31; 
Table 10). 
The median time for oviposition is very closely correlated to 
the median developmental time estimation from the dissection of the 
adults (Fig. 32)~ Oviposition can be used as valid indicator of age. 
The ·development of the female flies in fluctuating temperature 
were.not well predicted from the measurements of development made at 
constant temperatures applied to a sine wave approximation of the· 
hourly temperatures.·. The predicted development time is consistently 
higher than the actual time (Fig. 33). The technique is capable of 
accurate prediction for the development in the field (e·.g. Tricho-
plusia, Butler, Stinner & Greene,. 1976). 
The air temperature in the perspex cages was no higher than the 
external air temperature, so the muslin was preventing any significant 
• greenhouse.• effect. · The cage will reduce the wind speed experienced 
by the flies, which could affect evaporative cooling of the insects. 
· The sine wave approximation may not accurately estimate the inter-
mediate temperatures, which would require testing by taking simul-
taneous measurements throughout the day. 
The diet has a considerable influence on the rate of development 
of the females, but not on the males (Table 11) •·.. A water source is 
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FIG. JO 
The progression in the female age groups at ~oOC. 
The method of estimating the median development time 
(50%) of gravid (age group 5) females is illustrated 
on the graph. 
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TABLE 10 
The relationship between the rate of development(y as % per day) 
0 
and temperature( C). 
Age-group a b1 b2 b3 R2 
F2 441 . 6 -82.70 +5 .13 -0. 090 79 -3 
FJ 150. 3 -28 . 72 + 1. 84 -0.033 90. 4 
F4 81.91 -15.75 +1.04 -0 . 018 92 .1 
F5 47 .49 - 9. 17 +0 . 62 -0. 011 93 . 8 
F6 15 . 45 -3 . 01 +0.24 -0.004 93 . 6 
t-12 61.40 -10 • 770 + 0 . 7 3 0 - 0 . 013 57 . 6 
M3 1. 72 - 0 . 326 +0 . 085 - 0 . 002 88 . 0 
TABLE 11 
The effect of diet on the development of male and female 
. 0 
flies after six days at 20 c. 
FEMALES 
Treatment Mean age N 
( ! SE) 
No water or 20 
sucrose 
Water only 4.50±0.50 6 
Sucrose 6.39!0.55 18 
Yeast and 6 .oo:t0.49 
sucrose 
ss 
Sucrose 18.561 
Yeast 0.167 
Residual 44.000 
Total 62.727 
MALES 
Treatment Mean a~e 
(± SE) 
9 
N 
No water or 20 
sucrose 
\'later only 
Sucrose 
Yeast and 
sucros e 
3 . 60±0. 25 
3 . 60±0 . 22 
3.50!0.22 
ss 
Sucrose 0.027 
Yeast 0. 007 
~esidual 4 . 200 
Tota l 4 . 235 
5 
6 
6 
~~6' 
Mortality Oviposition 
(%) (per ~ ) 
100 
62.5 53.0 
35.7 45.9 
30.8 38.7 
DF MS F 
1 18.561 12.65 ** 
1 0.167 0.11 
30 1.467 
32 
D? MS F 
1 0.027 0.009 
1 0.007 0.002 
14 3.000 
16 
the minimum requirement for survival of both sexes, and egg produc-
tion by the females. A sucrose supply increases the survival of.the 
flies, and allows more rapid egg development by the females (Table 11). 
The additional availability of protein causes no further increase in 
the female development rate, although it will allow development of 
subsequent batches of eggs. Carbohydrate is widely available in the 
field (Finch, 197la, 1974b), and is un1ikely to be a· limiting factor. 
Conclusions 
~~ approximate age can be estimated for flies in the field on 
the basis of the daily maximum and minimum temperatures, although 
this estimate is likely to be an overestimate of the actual age. 
There is an unknown error attached to this estimated age, because of 
interpopulation variation. The age-groups are nevertheless valuable 
in that they indicate relative age, which is comparable for the 
different populations. 
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SECTION THREE 
THE ESTIMATION OF THE DISPERSAL RATES OF MALE AND FEMALE 
CABBAGE ROOT FLIES 
CHAPTER III.l 
The estimation of dispersal from non-point sources 
Introduction 
The descriptive regression model relating insect density to dis-
tance, has previously only been applied to experiments in which there 
was a discrete release of marked flies from a point source (Hawkes, 
1972a, 1974, 1975; Nair & McEwen, 1974; Finch & Skinner, 1975). The 
descriptive model has been suggested to be inapplicable when the flies 
originate from non-point sources (Freeman, 1977; Stinner, Barfield & 
Stimac, 1983). The emergence- of wild flies from the site of a former 
host crop, was envisaged as the source of flies for the experiments 
of the present study, and clearly cannot be considered a point source. 
The flies are to be sampled by a series of regularly spaced 
traps leading away from the emergence site. The traps situated at the 
edge of the emergence site will form the nominal zero of the trap 
line, but flies will also be emerging up to lOO m. (e.g. Venn Farm 
Figs 40-43) from these traps. Any flies caught in the traps at the 
nominal zero may have already completed dispersal over a substantial 
distance. The density of flies decreases non-linearly with distance, 
so the emergence of flies over a wide area could lead to a dispro-
portionate increase in the number of flies caught close to the emer-
gence site. The slope of density on distance would then be over-
estimated, and the mean distance dispersed underestimated. 
The trap lines are to be laid leading away from the emergence 
site. The flies dispersing only a short distance will tend to remain 
within the emergence site, and will not be available for capture by 
the traps. The mean distance dispersed could then be overestimated, 
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because it is based on the more actively dispersing members of the 
population. 
The pupae occur in a markedly aggregated distribution, which can 
be well described by a negative binomial (Mukerji & Harcourt, 1970; 
Finch, Skinner & Freeman, 1978). Such a distribution can arise from 
a series of independent randomly distributed clumps (Elliot, 1977). 
The population of pupae in a field can be considered as a large number 
of separate clumps, each clustered about a single host plant and 
effectively a point source. The dispersal of flies emerging from an 
extensive area can be modelled by the summation of a large number of 
small populations dispersing from a point source. 
The sample sites were partly chosen for their isolation from 
other sources of emerging flies, but there will still be a small in-
put of flies which disperse over a large distance. The wild crucifers 
are capable of supporting a small population of flies (Finch & Ackley, 
1977), and are common constituents of hedgerows. The long-distance 
dispersal or emergence of flies from wild crucifers could provide a 
'background count' of flies (analogous to the radioactive background 
count) which could be expected to be present everyv1here. The back-
ground count could cause an underestimation of the slope of density 
against distance, with the tail being extended as the catch falls to a 
constant (within sampling error) instead of gradually decaying to 
zero. 
r.:ethods 
A computer simulation was carried out to determine whether the 
slope of density against distance can be val\clly estimated when flies 
are emerging frow an extensive source. A series of five separate 
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density-distance curves were calculated, each with a common slope, 
but the intercept and the distance between each population, were allo-
cated at random. A value of 0.2 was used for the slope, since this 
is later found to be the limiting value for many of the age-groups 
(Figs 72-75). The five curves were then amalgamated, and a regres-
sion calculated for the. combined population on distance (Pig. 34). 
The effect of a second source of flies can be investigated by 
the superimposition of two identical density-distance curves separ-
ated by 400 m. (Fig. 35). This separation distance was chosen to 
mimic the situation found on one of the sample sites (Venn, 1980B, 
Fig. 40). 
Wild crucifers are common components of hedgerows, and could be 
expected to occur at random .along a hedgerow. The wild crucifers 
are capable of supporting only a small population of flies, each 
plant producing a maximum of four pupae (Finch & Ackley, 1977). The 
emergence of flies from wild crucifers could be simply modelled by 
the addition of a series of random small numbers in the range 
0- 4 to the expected catch of a trap line (Fig. 36). 
Results & Discussion 
The combination of a series of independent point sources does 
not lead to a significant alteration of the slope (Fig. 34). The 
slope is slightly underestimated because of the formation of a 
plateau close to the origin, although this could be expected to be 
less evident if a larger number of subpopulations had been used. 
This is a particularly important result because it demonstrates that 
the slope can be correctly estimated from the dispersal of flies from 
an extensive source. The mean distance dispersed estimated from the 
- 74 .,. 
FIG. 34 
The simulation of the dispersal of flies emerging from 
an extensive source. 
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on the fitted slope. 
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slope would be expected to be superior to any direct estimate from 
the actual recapture data, where the emergence location can never 
be accurately known. 
The density of flies declines exponentially with distance, so 
only a small proportion of flies would disperse over 400 m. The 
effect of a.second source of emerging flies produces only a slight 
insignificant underestimation of the slope (Fig. 35). 
The emergence of flies from wild crucifers can significantly 
affect the fitted slope (Fig. 36). The addition of small numbers has 
a greater relative effect on the smaller catches of the more distant· 
traps, causing an underestimation of the slope and overestimation of 
the mean distance dispersed. The degree of underestimation of the 
slope- dep-enas- oil. tlie number of flies caught (as measured by the inter-
cept) and will be particularly significant for a small catch of 
flies (Fig. 36). 
Conclusion 
The slope of density against distance can be validly estimated 
from the dispersal of flies away.from an extensive emergence source. 
The source of emerging flies need not be absolutely isolated from 
other sources, since the secondary sources w~ill exert a negligible 
influence provided they are not situated too close to the primary 
source (e.g. greater than 400 m.). It is important to check the 
hedgerows for wild crucifers, because any significant input of flies 
from this source could cause serious underestimation of the slope. 
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CHAPTER III.2 
The effect of noise on regression analysis 
Introduction 
Randoo sample variation is inevitable in any field sampling 
programme. The sample plan is designed to minimise the variation in 
attractiveness of the traps, but the flies are inherently variable 
in their behavioural responses to the traps. The variability of the 
catch for each trap (the standard error) can be estimated from the 
replication of traps at each distance. The standard error can be in-
directly estimated, when there are no replicates, from the deviation 
of the observed catch from an expected regression model. The exam-
ination of the residuals is useful in the detection of systematic 
bias, which can profoundly influence the value of the fitted slope. 
An assumption of parametric statistics is a random error distribution 
(Kleinbaum & Kupper, 1978), so it is essential to eliminate bias to 
achieve a statistically valid description of the data (Ch. III.9). 
Random noise would not be expected to bias the slope in any parti-
cular direction, but could equally increase or decrease the value. 
The standard error can be used to calculate the statistical confidence 
limits, within which the true value of the slope would be expected to 
lie for a certain probability level. The standard error can also be 
used to test the overall significance of the regression, by testing 
whether the slope differs significantly from zero. A fully randoo 
set of data would be expected to produce a slope of zero. An 
increasing level of random noise will cause a progressive decrease in 
the estimated value of the slope, as the data approaches a random 
state. 
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The effect of random noise will depend on the number of flies 
caught, since a small catch will be more vulnerable to noise than a 
larger catch. 
Methods 
The effects of random noise were assessed by a computer simula-
tion. The expected values were calculated from the basic model {1), 
for a series of distances ranging from 0 - 400 m. 
y = exp (a - b./x) (1) 
A value of -0.2 was assigned to the slope (b), and a series of values 
were used for the intercept (a), to determine the effect on various 
levels of catch. A random set of noise was generated with a mean of 
zero and a standard deviation of unity, using the NRANDOM · function of 
the ~INITAB package (Ryan, Joiner & Ryan, 1981). ·The noise was 
added to the untransformed data, which was then transformed to logar-
it~ for the calculation of the regression on distance. The noise 
was gradually increased by repeated addition, until the fit was no 
longer significant. 
The noise was added to the untransformed data to produce a 
gradual additive increase in variability, rather than the multipli-
cative increase that would have been obtained by addition to the 
transformed data. The method does produce a marked heterogeneity of 
the variance, which is partially corrected by transformation. Negative 
values are created as the noise increases, but these have to be 
omitted from the regression because the logarithm of a negative num-
ber cannot be computed. This crudely simulates the removal of zero 
observations before transformation (Ch. III.5). 
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Results & Discussion 
The addition of noise initially causes a small increase in the 
estimated value of the slope (Fig, 37), although the confidence limits 
clearly indicate that the slope does not differ significantly from 
the original value (-0.2), Random noise could equally increase or 
decrease the slope, and the initial increase is probably caused by 
the addition of the noise, 
The estimated slope is then progressively underestimated and 
becomes increasingly more significantly different from the original 
value (Fig. 37). A significant regression fit can be achieved with 
a standard error for the slope of 50% or less, although the fitted 
slope may differ significantly from the original value (Table 12). 
Hawkes (1972) suggested that a standard error of 20% was the maximum 
acceptable for a useful fit, which would produce a maximum of 33% 
(.((0.20- 0.134)/0.2) x lOO) underestimation of the slope. The 
influence of the noise depends markedly on the value of the inter-
cept, with the larger catch being far more resistant to the noise 
(Table 12). 
The fitted values of the slope and intercept are strongly corre-
lated (Fig. 38). The points appear to fall into three distinct 
groups, which is probably caused by the changes in the number of 
observations (Table 12). The group with the smallest values of slope 
and intercept, are based on a constant number of observations (N = 29) 
and produce a clearly linear relationship. The random noise produces 
a similar effect on the expected values from y = exp (4.0- 0.2 Jx) 
(Fig. 38) • 
- 78 -
TABLE 12A 
The effect of incressing data variability on the fit of the regression 
model. 
Y = exp ( 5.0 - 0.2,/x 
Intercept(a) Slope( b) 2 p SE b N R 
% % 
0 5.00 -0.200 41 100.0 c 
1 5.01 -0.201 2.1 41 98.3 c 
2 5-05 -0.205 4.2 41 93-3 c 
3 5.12 -0.214 6.9 41 84.1 c 
4 5.22 -0.229 12.9 40 60.3 c 
5 4.98 -0.200 9.8 38 7).6 c 
6 4..99 -0.200 11.2 37 68.5 c 
7 5.07 -0.214 15.8 37 52.2 c 
8 4.89 -0.187 19.2 34 44.1 c 
9 4..53 -0.144 13.8 33 62.1 c 
:s 10 4.4.6 -0.139 16.5 33 53.6 c 
~ 11 4.38 -0.133 20.5 33 41.8 c 
~ 12 4.54 -0.140 16.4. 32 54.0 c 13 4..51 -0.137 18.2 32 48.3 c 
~· 14 4.47 -0.134 20.5 32 42.4. c 
15 4.43 -0.132 16.4 32 36.0 c 
16 4.38 -0.130 20.5 32 28.2 c 
~ 17 4.48 -0. 131 23 3 31 34.2 c 
~· 18 4.47 -0. 131 27.6 31 27.6 c 19 4..26 -0.105 24.4 30 25.2 c 
t 20 4.42 -0.107 28.4 29 42.6 c 21 4.39 -0.104 30.4 29 39.6 c 22 4.37 -0.101 21.5 29 36.6 c 
23 4.34 -0.099 22.8 29 33.8 c 
24 4.32 -0.096 24.3 29 31.1 b 
25 4.29 -0.093 25.7 29 28.4 b 
26 4..26 -0.090 27.2 29 25.9 b 
27 4.24. -0.087 28.7 29 23.3 b 
28 4.21 -0.085 30.4 29 21.2 b 
29 4.18 -0.082 32.3 29 19.0 a 
30 4.15 -0.079 3 4.. 3 29 16.8 a 
31 4.12 -0.076 36.4. 29 14.8 a 
32 4..09 -0.073 38.7 29 12.9 a 
33 4.05 -0.070 41.2 29 11.1 a 
34 4.02 -0.067 44..0 29 9.4 
35 3.98 -0.064 4.7.1 29 (.8 
a p < 0.05 
b = p < 0.01 
c p < 0.001 
TABLE 12B 
0 
1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
0 
1 
2 
3 
4 
5 
Y = exp ( 4.0 - 0.2fX ) 
lntercept(a) Slope( b) 
4.00 -0.200 
4.09 -0.2.11 
4.00 -0.204 
3-57 -0.149 
3-39 -0.134 
3.49 -0.135 
3-35 -0.129 
3.26 -0.105 
3-37 -0.102 
3-31 -0.094 
3-23 -0.087 
3.15 -0.079 
).07 -0.071 
2.96 -0.063 
y = exp ( 3.0 - 0.2,fx 
Intercept(a) Slope(b) 
3.00 -0.200 
3.17 -0.218 
2.44 -0. 132 
3.36 -0.001 
2.16 -0.080 
1.90 -0.058 
a P < 0.05 
b = p < 0.01 
c p < 0.001 
) 
SE b N R2 p 
% % 
41 100.0 c 
6.0 41 87.3 c 
11.3 38 67.7 c 
11.9 33 68.3 c 
19.7 33 43.6 c 
19.6 32 44.9 
29.9 32 24.7 c 
30.6 30 25.0 c 
23.8 29 37.4 c 
28.0 29 29.8 c 
32-5 29 23.1 b 
38.5 29 17.0 a 
46.1 29 11.8 a 
55-7 29 7-3 
SE b N R2 p 
41 100.0 c 
14.9 36 55.8 c 
22.7 32 37-5 c 
24.4 29 36.1 c 
37.8 29 17.8 b 
63.3 29 5.0 
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The effect of increasing noise on the fitted 
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Conclusion 
Random noise can cause the slope to be significantly under-
estimated, and the mean distance dispersed. would be overestimated •. 
The underestimation of the slope will be greater for the smaller 
catches of flies. The estimates of the slope derived from the cap-
ture of different nUI!Ibers of flies, will not be strictly comparable. 
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CHAPTER III. J 
The dispersal experiments 
Introduction to the sample sites 
Three sample sites were selected to represent the range of 
agricultural practice in brassica production in South West England 
(Fig. 39). The first site, Venn Farm, is devoted mainly to barley 
growing and sheep rearing. Spring or swr.mer cabbage is grown most 
years for market, with swedes also being grown for fodder. A 
brassica crop vdll usually be available to all three generations, 
although the sites of the crops will vary because of crop rotation. 
The first generation adults emerging in the spring, will need to dis-
perse to locate a host crop. The swedes are normally- planted during 
the second generation. The third generation can reattack the crop 
upon which it developed, or disperse in search of an alternative host 
crop. The best overall strategy would appear to be to disperse at 
least during the first two generations. This farm was particularly 
useful because a large fly population could be expected from a 
heavily infested previous crop. 
The second site, Great Englebourne Faro, is devoted almost 
exclusively to cattle and sheep rearing, ~~th barley and swedes being 
grown for animal consumption. The swedes are usually planted at the 
end of June, avoiding the first generation of cabbage root fly, so 
cher:1ical control is not required. The far:n is large and few brassica 
crops are groYm in the district, so the flies are isolated from other 
host crops. The flies of the first generation would need to adopt 
a strategy of wide dispersal to locate any available crop or cruci-
ferous weeds in the hedgerows, or delay emergence until the swede 
crop is planted (Finch & Collier, 198)), 
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FIG . J9 
The location or the sample sites. 
-i-
N 
EXETER 
, 25 km. 
SAMPLE SITES 1 Seale-Hayne Agricultural College 
2 Great Englebourne Farm 
3 Venn Farm 
The third site, Seale-Hayne Agricultural College, grows a wide 
range of crops, including NIAB cabbage field trials. The demonstra-
tion garden plot of mixed brassicas is of particular interest, 
because host plants have been planted in the same general area for 
at least the past 15 years. The constancy of the location and the 
availability of host plants ·to all three generations, might be ex-
pected to select against dispersal. The layout of the farm means 
that there will only be a small input of flies from the other bras-
sies crops. The site is similar to an intensive market garden where 
brassica production continues throughout the year, with different 
crops overlapping in time. 
Methods 
The preliminary experiments in f.lay and June, 1980, indicated 
that traps could only be located in arable fields. The cows and 
sheep were found to drink the water in the traps, and were responsible 
for a high breakage rate. 
It was generally necessary to lay trap lines alongside the 
hedgerows to avoid damage to the crop during the collection of the 
samples. The hedgerows are knovm to influence the distribution of 
the flies (Hawlces, 1972a, 1973; Finch & Skinner, 197Jb). The traps 
cannot be replicated along the one dimension of a hedge, although it 
would be possible to indirectly replicate along different hedges. 
It is necessary to rely on the fitting of a regression model to 
detect and control error. The comparison is along a trend, rather 
than between replicates. 
Finch & Skinner (1975) arranged the traps along the eight 
cardinal coopass points, to a maximum distance of 400 m. from the 
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release point. The trap arrangement has been suggested as being 
partially responsible for the production of the migration phase (see 
Introduction). The wind direction has little effect on fly distri-
bution (Hawkes, 1972a, 1973; Finch & Skinner, 1973b, 1975), so it is 
unnecessary to trap equally in all directions. A trap line extending 
400 m. would seem necessary to attempt to reproduce the results of 
Finch & Skinner (1975) , who were able to estimate dispersal rates 
ranging from lOO m/day to 1-2 km/day with such a trap arrangement. 
The fluorescent yellow water traps interfere at a spacing of 
5-10 m. (Finch & Skinner, 1974a, 1982b), so a minimum spacing of 10 m. 
will be used to ensure the statistical independence of the samples. 
The traps were filled with tap water containing 0.1% (w.v.) Teepol, 
to prevent any flies from escaping once they have landed in the water. 
The vegetation around the traps was cleared, and kept clear, for a 
radius of 1 m. to prevent the obscuring of the traps. 
The insects caught were collected--at weekly intervals by strai-
ning through a wire sieve, and were brought back to the laboratory in 
labelled plastic tubes. The tubes were stored in a deep freeze until 
they could be processed. The yellow water traps were rinsed to clear 
adhering debris and algal growth, and refilled with fresh solution. 
The individual tubes were sorted in a white tray with a small 
volume of water, to facilitate the extraction of the cabbage root 
flies. The identification of these selected insects was checked 
under a dissecting microscope (Brooks, 1951). The confirmed flies 
were then dissected in 0.75% saline solution to determine the age-
group of each individual. 
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The sample plans 
The time of emergence of the overwintering cabbage root flies 
can be predicted from the day-degree accumulation (Coaker & Wright, 
1963; Finch, 1977), and coincides with the flowering of a common 
hedgerow plant, Anthriscus sylvestris (Coaker & Finch, 1971). A 
proportion of the first generation may delay emergence (Finch & 
Collier, 1983), but cannot be predicted from the thermal summation. 
The emergence of the second and third generations were estimated from 
the changes in the number of flies caught each week, although the 
day-degree requirements for each generation have been estimated 
(Eckenrode &.Chapman, 1972; Wyman, Libby & Chapman, 1976; Finch, 1977). 
The samples in 1980 were collected from single trap lines, and 
the standard error of the catch of the individual traps can only be 
indirectly estimated from the standard error of the overall regres-
sion. The heterogeneity of the vegetation produced significant effects 
on the fly distribution, so it was desirable to reduce this source of 
variation by trapping across more uniform areas (e.g. barley). It 
is necessary to set the traps away from the hedges to allow repli- . 
cation, although a small catch of males would be expected. The use of 
evenly spaced traps was not the most efficient method bf allocating 
the available effort. A variable trap spacing was used in 1981, with 
more of the traps concentrated close to the emergence site where the 
most rapid changes in number with distance occur. 
(a) Venn Farm 
The 1979 cabbage crop was only partially treated with insecti-
cide (Fig. 40). The crop was severely attacked by the second and 
third generations of cabbage root fly, and should produce a large 
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FIG. 42 
The detailed trap arrangement for the second generation of 
cabbage root fly on Venn Farm 1980. 
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overwintering population. The 1979 swede. crop was not seriously 
attacked, and should produce a smaller overwintering population. 
Both crops were removed during the winter, so the female flies will 
have to disperse in spring to locate a host crop for oviposition. 
A small area of swedes were planted in l1lay, 1980, and were seriously 
damaged because they were not treated with insecticide. For the 
first generation of 1980, a line of traps were laid alongside the 
hedge in a field of winter barley· adjacent to the site of last years' 
cabbage crop (Fig. 41). 
For the second generation, a trap line was arranged alone the 
wire fence leading away from the infested swede crop (Figs 41 & 42). 
The trap line was continued northwards along a hedge in a field 
planted·with potato. 
A field of summer cabbage was planted in peat blocks (Sayno~, 
Davies & Brown, 1982) during the second generation (Fig. 42). The 
peat blocks contained insecticide which provided effective protection 
of the crop ·as shown by the little evidence of attack by cabbage root 
fly. A small population of flies would have developed on the cabbage 
crop, with a larger population on the swede crop. The third gener-
ation was sampled by a trap line in the potato field, which was 
extended through a field of recently-planted fodder turnip (Fig. 41). 
This latter crop was grazed off by sheep after six weeks, and there 
may have been insufficient development of the root system to support 
more than a small fly population. 
A spring barley crop in the sprine of 1981 offered the oppor-
tunity for a replicated trap line. There will be er.:~ergence of flies 
froE the site of the previous year's cabbage crop, and possibly also 
from the site of the fodder turnips (Fig, 42). The age structure 
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of the population will be used to determine the sources of emerging 
flies (Ch. III.B). Three parallel trap lines.were arranged in the 
barley crop (Fig. 43), each line separated by 20 m. to prevent inter-
ference. The trap spacing progressively.increased away from the 
cabbage crop emergence site. It was necessary to gradually raise 
the traps as the barley grows, to maintain their visibility to the 
flies. This was achieved using a series of bamboo canes, with two 
.further canes to provide support during strong winds. Two of the 
trap lines were continued through a~neighbouring winter barley field, 
the site of last year's fodder turnip crop. 
A small area of cabbage was planted towards the end of the first 
generation, which could be expected to be attacked by cabbage root 
fly. The surrounding area was planted with swedes during the second 
generation. The second generation was sampled by a single trap line 
along the wire fence (Fig. 43). The crop layout made it impossible 
to arrange any length of trap line during the third generation of 
·Cabbage root fly, so sampling was continued on a reduced scale to 
monitor the population changes. 
(b) Great Englebourne Farm 
A field of fodder swedes and a small area of kale were grown in 
1979, both crops being planted in June and harvested during the fol-
lowing w·inter (Fig. 44). The district is concerned mainly with live-
stock rearing, and there are no other brassica crops grown within a 
one mile radius, except for a garden containing a small area of 
cabbages. 
The first generation of cabbage root fly in 1980 was sampled with 
a trap line extending through two adjacent hayfields (Fig. 45). The 
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FIG. 46 
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A=trap line for the first generation (weeks 1-7) 
B=trap line for the second generation ( weeks 8-15) 
C=trap line for the third generation (weeks 16- 21 ) 
hedgerows contain few wild crucifers, so the garden plot contains the 
only brassicas available to the first generation, but located over 
600 m. from the emergence site at the previous year's swede crop. 
The only source of second generation flies will be the garden 
plot, so a short line was established through the garden and contin-
ued in a nearby potato field (Fig. 45). A number of traps were left 
in position at the emergence site of the first generation, to test 
for delayed emergence. The 1980 swede crop was planted during the 
second generation and was lightly attacked by cabbage root fly. 
The third generation was sampled by a trap line laid through two 
adjacent fields, used for sheep grazing (Fig. 45). The traps were 
fitted with plastic grids to prevent the sheep drinking the water, 
but a large proportion of the traps were broken and the data were too 
incomplete for further analysis. 
The first generation of 1981 was sampled by two parallel trap 
lines arranged through two adjacent hayfields, leading away from the 
site of the 1980 swede crop (Fig. 46). The traps were raised on 
bamboo canes to maintain visibility above the growing grass. It was 
not feasible to lay an adequate length of trap line during the second 
and third generations, and a few traps were used to monitor the 
population change. 
(c) Seale Hayne 
The garden plots are isolated from the other brassica crops on 
the farm (Fig. 47). In 1980, the nearest crop was more than 600 m. 
from the other sources of emerging flies, except for a small plot of 
swedes gro\vn each year, as a clubroot demonstration plot. 
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FIG . 49 
The detailed arrangement or traps in the garden plots 
at Seale-Hayne Agricultural College . 
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FIG. 51 
The detailed arrangement or traps in the garden plots 
at Seale-Hayne Agricultural College. 
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The experimental brassica plots are displaced by a short di!3-
tance in each annual rotation, so it is possible to use a similar 
arrangement to sample the three generations of cabbage root fly. Ift 
1980, the new brassica plants were grown adjacent to the 1979 site 
(Fig. 49). A trap line was arranged ~Inning northwerds, with one 
branch crossing a mown lawn in front of the buildings, and a second 
branch passing along a wire fence behind the buildings. 
In 1981, the new brassica plants were planted in the plot next but 
one to the 1980 site (Fig. 51). The long line of 1980 was not an 
efficient method of sampling cabbage root fly, passing over too di-
verse a sequence of vegetation types. A shorter, replicated trap 
line was arranged ending at the clubroot plot. The traps had to be 
removed during the second generation to allow the area to be ploughed, 
but the traps were replaced for the third generation. 
The generation notation 
The following notation will be used to refer to the different 
generations at each site. The first generation will be dencted by the 
suffix A, the second by B, and the third generation by c. The first 
generation of 1980 on Venn Farm would be referred to as Venn 1980A. 
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-CHAPTER III.4 
Testing the statistical assumptions 
Introduction 
. Parametric statistics (e.g. regression and analysis of·:variance) 
are based on. a numbe~ o_f assumptions about the distribution of the 
. . . . 
data·. The error distribution is assumed to ·be homogeneous, normal 
and independent of· the mean (Sokal & Rohlf, 1969; Kleinbaum & Ktipper, 
l97B). The violation of these assumptions may have serious conse-
quences for the derived coefficients and their associated significance 
tests. If the data fail to meet the assumptions, then it-is usually 
possible to achieve a closer approximation by a suitabie transfor-
mation. Parametric statistics are generally robust to moderate 
departures from the assumptions, although the consequences of viola-
tion should be·assessed, so analysis can proceed with an awareness 
of the risk of incorrect conclusions. 
Animals usually occur in a markedly aggregated distribution. The 
dependence of the variance on the mean causes marked variance hetero-
geneity. The normality and variance heterogeneity can be investigated 
to determine the required transformation. 
The distribution of the data can be described usinr the moment 
statistics, the skewness and kurtosis, which can be tested for signi-
ficant departure from normality (Sokal & Rohlf, 1969). The normality 
can also be investigated using probability plots, which can reveal 
multimodality and outlying observations, although it is not possible 
to test the significance of the observed effects (Southwood, l97B). 
The cumulative frequency (expressed as a percentage of the total 
frequency) is plotted against the midpoint of the-frequency classes. 
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A normal distribution will produce a straight line, and any bias will 
be revealed as changes in the slope of the line (Southwood, 1978). 
The relationship between the variance and the mean can be des-
cribed by fi t"ting a negative binomial function or through the power 
law (Mukerji Be Harcourt, 1970; Finch, Skinner Be Freeman, 1975, 1978). 
In the negative binomial, the variance (S2) varies with the mean (m) 
according to the value of the eXponent (k) (Elliot, 1977). 
S2 2/ .= m + m k 
The inverse byperbolic sine square root.is an exact transformation 
for the negative binomial (Anscombe., 1948; Elliot, 1977), although, 
in practice, most data can be transformed to logarithms. The log 
transform and the more complex transform are nearly linearly related 
when the value of k is close to two (Green, 1980). ·A value fork of 
2.)8 was obtained for the dispersal of cabbage root fly over Brussels 
spouts, and 1.19 for dispersal over fallow ground (Freeman, 1977). 
It would be necessary to add a start to the data before transform-
atiori· to accommodate the zero observations, since log zero equals 
minus infinity. A start of 3/8 appears to be optimum for practical 
purposes, except when k is small (Anscombe, 1948). The more complex 
transform can accommodate zero observations, but would ?revent an 
analytical solution to the integral equations for the estimation of 
the mean distance dispersed (see Introduction). 
The power law states that the variance (S 2) is proportional to 
a fractional power of the mean (m). 
b 
= a m 
= = log a ~ b log m 10 10 
The value of b is estimated from the regression of log variance on 
log mean, and the appropriate transform is to replace each count 
I 
with z = x?, where p = (1 - b/2) (Elliot, 1977). The value of b is 
normally of the order of two indicating that a log transform is 
required (Mukerji & Harcourt, 1970; .Finch, Skinner & Freeman, 1975, 
1978; ·Elliot, 1977). 
The power law has the advantage of covering a wider range of 
distributions (including the negative binomial) and being simpler to· 
calculate. The value of k for the negative binomial, is often un-
stable, increasing with the mean, requiring a specific transform for 
each sample (Harcourt, 1967; Finch, Skinner & Freeman, 1975, 1978). 
The transforms derived from both the power law and the negative bino-
mial have been found to be successful in eliminating the dependence 
of the variance on the mean for cabbage root fly (Harcourt, 1967; 
Mukerji & Harcourt, 1970). 
The equality of the variances can be tested by· a number of methods, 
but in practice all ·they measure are the departures from normality. 
·(Sokal & Rohlf, 1969; Lindeman, 1974). 
Results 
(a) Normality 
·The untransformed data produce strongly concave curves on proba-
bility paper (Fig. 53), indicating that the distribution is positively 
skewed. The z = log&(Y + 1) transform produces a significant reduc-
tion in both skewness and kurtosis, except for the small number of 
flies caught in the young age-groups, which are relatively unaffected 
by transformation (Table 13). The transformed data produce a good 
approximation to a straight line on probability paper, although a 
definite multimodality exists in some of the data sets (Figs 53-55). 
The multimodal curves evident for Venn 1980B, Venn 1981A and Great 
Englebourne 1981A can be shown to arise from the combination of two 
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TABLE 13 
The investigation of the normality of untransformed and transformed 
data from Venn 19808. 
UN TRANSFORMED TRANSFORMED Z=log 
e 
(Y+ 1) 
Age-group ' N Kurtosis Skewness Kurtosis Skewness 
F 1+3 29 
F 5 29 
F 6 29 
F T 29 
M 1 29 
M 2 29 
M 3 29 
M T 29 
+0.063 + 1.105 a 
+3.420 c + 1. 998 c 
+5.027 c +2.082c 
+3 . 713 c + 1.933 
+3 .687 c + 1. 919 
+3.061 c + 1. 722 
+ 13.254 c +3.316 
+4 .874 c +2 . 057 
a P < 0.05 
b 
c 
p < 0.01 
p < 0.001 
c 
c 
c 
c 
c 
-1.497 +0.309 
-0.332 +0.697 
+0.141 
-0:360 
-0.576 +0.229 
-0.851 +0.078 
-0.026 
-0.041 
+1.216 +0.608 
+0 .125 +0.185 
The kurtosis an4 skewness have been tested for significant 
departure from normality(zero) (Sokal & Rohlf 1969). 
~ 
Cl) 
FIG. 53 
An investigation of the normality of the data 
using probability paper. 
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An investigation of the normality of the data 
using probability paper. 
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FIG. 55 
An investigation of the normality of the data using 
probability paper. 
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normal distributions (Cassie, 1962; Stott, 1967)._ In a study of 
fish movement, Stott (1967) attributed such a bimodal distribution 
to the presence of a bimodal group and a second more mobile group. 
The bimodal distribution of Venn 1980B may indicate that there are 
two_ populations of flies present, the first dispersing at normal rates 
fro.m the primary emergence site and a second population dispersi.Jlg 
more slowly,from a secondary aggregation (see Ch. III.7). The 
bimodality of Venri 1981A and Great Englebourne 1981A may be.caused 
by.the aGcregation of flies at the hedgerows- (see- Ch. III.7). 
There are_ clearly a number of outlying points in the data of 
·Great Englebourne 19BOB, which are caused by the consistently low 
catch of Traps 5 and 6. This discrepancy may be caused by the shading 
of nearby trees (Hawkes, 197)). The data of Seale Hayne 1981A con-
tain a small group of upper outliers, but_ only in the gravid and 
parous age-groups caused by aggregation at -the swedes of the clubroot 
·plot (Hawkes, 1975). 
(b) Variance homogeneity 
The untransformed data of all age-groups at all samples sites, 
exhibit a very significant relationship between the variance and the 
mean. The slope from the power law ranges in value fro~. 1.0-2.) 
(Table 14). A slope of 2.0 would indicate that a logarithmic trans-
form was required (Elliot, 1977). Many of the fitted slopes differ 
significantly from 2.0, but a log transform will be applied for an 
initial investigation. A start of unity will be added to all the 
counts before transformation, to accommodate the zero-observations 
(Elliot, 1977). 
The variance becomes independent of the mean after transformation 
in many age-groups, but in all age-groups the dependence· of the 
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TABLE 14: 
The regression of log 10 variance on log 10 mean for the seven sample 
times of Venn 19808 . 
A) UNTRANSFORMED VARIABLES 
Age - group Intercept(a) Slope(b ) R2 F DF p 
F 1+3 0.4:13 1.39 93 . 7 90.0 1,5 c 
F 5 -0 . 166 2.21 96 . 6 171. 5 1,5 c 
F 6 0 . 137 1. 95 71.2 15.9 1,5 c 
F T -0.4:23 2.30 92. 9 80.0 1,5 c 
M 1 0 . 633 1.68 4:8 . 3 48.4: 1,5 c 
M 2 0 . 288 1.91 89.3 51.3 1,5 c 
M 3 0 . 560 1.40 60.1 10.0 1,5 c 
M T 0.213 1 86 91.3 54.8 1,5 c 
B TRANSFORMED VARIABlES Z=log (Y+ 1) 
e 
F 1+3 -0.116 1.04: 94: . 1 116. 0 1,5 c 
F 5 -0.450 1. 19 75.1 19. 0 1,5 b 
F 6 0 .0003 -0 . 14: - 18. 7 0 .06 1,5 
F T -0.603 1. 27 27.1 3 .2 1,5 
M 1 0 . 126 o . 78 77 -3 21.2 1,5 b 
M 2 0 . 207 0 . 36 
-7 -7 0 . 6 1,5 
M 3 -0 .057 -0 . 36 - 7-5 0.6 1,5 
M T 0 .083 o . 8o 84: . 3 32.3 1,5 b 
a = p < 0.05 
b p < 0.01 
c P< 0.001 
the variance on the mean was reduced, as shown by the reduced expla-
nation of variance (R2)(Table 14). A more specific transform will be 
applied to those cases where the variance was not adequately equalised, 
The power law provides the transform z = yP, where p = (1- b/2) 
(Elliot, 1977). In all cases, there was no significant improvement 
in the equalisation of the variance. For example, the male total data 
of Seale Hayne 1980B yields a slope (b) of 1.36 (R2 = 97.0%), but 
after transformation to z = y0 •32 the variance and mean remain 
2 highly correlated (R = 97.9%). 
The negative binomial was fitted to the female total data of 
Venn 1980B, producing a series of estimates of k ranging from 0.65 -
1.40 (Davies, 1971; Elliot, 1977). The fitted distribution all show 
a significant lack of fit, as measured by x2 (Elliot, 1977). The 
exponent was independent of the mean, so a common k (0.39) could be 
validly calculated (Elliot, 1977). The recommended transform for 
such low values of k is the log transform (Elliot, 1977). 
Discussion 
The z = log~(y + 1.0) transformation is the best transform 
available, although it is not completely successful in eliminating 
non-normality and variance heterogeneity. The more complex transforms 
do not perform any better, and serve only to make later analysis more 
difficult. 
Parametric statistics are robust to non-normality, particularly 
when there are a large number of observations (Glass, Peckham & 
Saunders, 1972; Lindeman, 1974). The multimodality requires further 
investigation, as it is probably caused by basic changes in the 
underlying distribution of the flies (see Ch. III.7). 
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The variance heterogeneity will not bias the regression, but 
could seriously affect the significance tests (Glass et~ •• 1972; 
Lindeman, 1974). The variance ratio (F) test is robust to unequal 
variances provided there are an equal number of observations for each 
sample. The actual significance level would be slightly increased 
over the nominal level. The F test can be seriously affected by 
small departures from the assumption of equal variances when there 
are unequal sized samples. The· variance heterogeneity should not 
have serious consequences, because an equal number of traps were used 
for all the samples within a generation, and there are usually only 
a small number of missing observations. Care should be exercised in 
the interpretation of the young age-groups, where the variance rem-
ains strongly dependent on the mean. The residual pattern produced 
by the fitting of the regression models can be examined for signi-
ficant nonnormality or variance heterogeneity (Kleinbaum & Kupper, 
1978)(see Ch. III.9). 
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CHAPTER III.5 
The effect of the starting value on regression analysis 
Introduction 
The data are to be transformed to logarithms, but some adjust-
ment has to be made to accommodate the zero observations, since log 
zero is minus infinity. The usual practice is the addition of unity 
to all the. values before transformation (Elliot, 1977). Freeman (1977) 
found that z = log (y + J/8) was satisfactory for the equalisation of 
variance for adult cabbage root fly, and Mukerji and Harcourt (1970) 
found that z =log (y + t) was as useful .. in the equalisation of the 
variance for juvenile cabbage root fly, as more complex transformations. 
The log zero values could also be replaced by an arbitrary value, 
which as log unity is zero, then any negative value would be a move 
in the right direction (Mosteller & Tukey, 1977). The value chosen 
will have consequences for the normality of the data, and could 
profoundly influence the fitted slope. A third alternative would be 
to omit the zero observations, although this could lead to a serious 
depletion in the number of observations and does represent a loss of 
information. 
The value of the estimated slope will be used to calculate the 
mean distance dispersed, so it is essential that it represents an 
accurate and unbiased fit to the data. The addition of a start will 
alter the estimated value of the slope, because the addition of con-
stant will affect the smaller values to a greater extent than the 
larger values. The start will tend to decrease the value of the 
slope. The effect would be expected to be greater when all the values 
are relatively low (i.e. when the fitted regression has a small 
intercept). The integral equations used to estimate mean distance 
dispersed (see Introduction) cannot be solved analytically if a 
starting value had been included. 
Methods 
The effect of the start will be investigated using a simulation 
approach. The expected number caught were calculated from the basic 
model (1) for a range of values for the distance (0- 400· m.). A 
slope (b) of -o.l was used with a series of values for the intercept. 
y = exp (a - b,Jx) (1) 
The start was added to these expected volumes, which were then 
transformed to logarithms-and the regression on distance calculated. 
Results 
The addition of a starting value produces curvature in the 
previously linear relationship, as can be seen from the slight dec-
rease in the explanation of variance (Fig. 56). The constant start 
also causes the underestimation of the slope, and the smaller the 
overall catch (as measured by the intercept) then the greater is the 
underestimate of the slope (Fig. 57). A start of unity produces 
less than a 10% error in the slope when the intercept is greater than 
'three (Fig. 57). In practice, the majority of the data sets will 
have an intercept greater than three, so the error.may. be acceptable. 
The pooling of the individual sample times for each generation (see 
Ch. III.9) would further increase the fitted intercept and reduce 
the distortion caused by the start. 
The influence of the start could be further reduced by decreasing 
the value of the start. The smaller the value of the start, then the 
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The effect of different starting values on the 
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TABLE 15 
The different effect of various starting values (c) on the transformed 
value of zero and unity. 
c 1.0 
y 0.0 o.ooo 
y 1.0 +0.693 
DIFFERENCE -0.693 
Log ( Y+c) 
e 
c 0.5 
. -0.693 
-1.098 
c 0.1 
-2.303 
+0.095 
-2.398 
smaller the underestimate of the slope (Pig. 57). This is true for 
all values, except y = 0, when the smaller values increase the dis-
tortion (Table 15). The smaller the value of the start, then the 
larger-is the difference between the zero and non-zero values. 
Conclusions 
The choice of the value of the start must be a compromise bet-
ween the conflicting requirements of minimising the distortion of the 
non-zero values, or minimising the distortion of the zero values. 
If the zero observations are to be retained, then a start of unity 
will cause the least distortion provided the fitted intercept is 
reasonably large (loge a= ).0). The slope will then be estimated 
with an error of less than 10%, producing less than 20% error in the 
mean distance dispersed. If the zero values are omitted, then ob-
viously no start is required, but information is being discarded. The 
reduction in the number of observations will lead to an increase in 
the standard error. 
- 96 -
CHAPTER III.6 
A preliminary investigation by analysis of variance of the factors 
imoortant in the description of the data 
Introduction 
A initial step in analysis is the determination of which vari-
ables, or interaction of variables, are important in the description 
of the data, The explanation of the variables can be examined by 
analysis of variance, by which the available variance is partitioned 
between the variables. The data will be analysed as a factorial 
experiment, albeit with a rather large number of factor levels for 
distance, A factorial design allows the simultaneous analysis of 
two or more treatments, from the systematic combination of the treat-
ments (i.e. distance, sample time and age-group). In the case of 
Venn 1980B there are 29 distance levels, 7 sample times and J age-
groups, resulting in 609 observations (Fig, 58). The significance 
of the individual factors can be tested, but also the interaction 
between the factors. The interaction is the manner in which the 
effects due to one factor vary because of the changes in other factors. 
The distance, age-group and sample time would be expected to be 
important determinants of the numbers of flies caught, but we are more 
interested in whether there is significant interaction between the 
factors. Interaction between distance and age would suggest that the 
distance dispersed bY. a fly depends on the age • 
• 
Methods 
The calculation was performed using the GENSTAT pa~age, which 
was capable of handling the large data arrays. The factor levels can 
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FIG. 58 
A schematic representation of the factorial design • 
. Age-group ~ 
be conveniently created by the GENERATE command. The number of flies 
caught were transformed to z =log (y + 1.0), because· omitting the 
zero observations would have seriously depleted the data set. In the 
experiments with replication (Table 16), the residual variance can 
be directly computed for the variance ratio (F) test. In those 
experiments with no replication, the residual variance was estimated 
from the higher order interactions. 
Results & Discussion 
The replicate factor does not explain a significant proportion of 
the variance (Table 16). The variation in the catch of the individual 
traps is small in comparison with the effects of distance, sample time 
or age-group. Replication is not strictly necessary for the control 
of error, but the larger number of observations will reduce the stan-
dard error of the estimated slope. 
The distance, sample time and age-group factors all explain a 
highly significant proportion of the variance for both sexes in all 
the data sets (Tables 17 & 18). The number of flies caught clearly 
depends on the distance (Figs 79-107), and there are obvious differ-
ences in the catch at different sample times (Figs 22-27). The age-
groups are not equally susceptible to capture, with the youngest age-
groups being caught the least frequently. 
There is a significant interaction between distance and age for 
most data sets, with the exception of the male data from Venn 1981B 
and Seale-Hayne 1980C, 1981A & 1981C (Tables 17 & 18). In all these 
cases there was a low explanation of variance. There were very few 
males caught at Seale-Hayne, as none of the traps were arranged close 
to the hedges. An adequate number of males were caught at Venn 1981B, 
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TABLE 16 
The analysis of variance for the male 'and female data from Venn 1981A. 
FEMALE 
l>F(Mv) Sb MS F p 
Replicates 2 0.30 0.15 0.93 
Distance 11 4,8.84, 4,.4,4 27.21 c 
Age-group 2 25.06 12.53 76.79 c 
Sample time 6 43.29 7-22 4,4.22 c 
Distance -age 22 11.63 0.53 3.24o c 
Distance-time 66 22.05 0.333 2.05 c 
Age-time 12 10.98 0.91 5.60 c 
Dist-age-time 132 22.84 0.17 1.06 
Residual 484(18) 78.98 0.16 
Total 737 263.98 
MALE 
Replicates 2 0.003 0.002 0.02 
Distance 11 58.02 5.28 37.61 c 
Age-group 2 4o.57 2.29 16.30 c 
Sample time 6 8.29 1.38 9.85 c 
Distance-age 22 9.21 0.42 2.99 c 
Distance-time 66 30.95 0.47 3.34 c 
Age-time 12 2.91 0.24 1. 73 b 
Dist-age-time 132 18.84 0.14 1.02 
Residual 490(12) Gii. 72 0.14 
Total 743 201.52 
a p < 0.05 
b p < 0.01 
c p < 0.001 
1"1 V • Miss:n.9 ~~~e~ 
TABLE 17" 
The partial variance ratios (F) from the analysis of variance of 
female cabbage - root nies. 
Venn 1980B 
G 19808 
SH 1980B 
SH 1980C 
Venn 1981A 
Venn 18818 
G. 1981A 
SH 1981A 
SH 1981C 
Distance Age Time Dist-age 
29.5c 568.7c 42.6c 2.6c 
15.1c 123.9c 14.5c 4.3c 
7.5c 192.5c 6J.Jc 2.0b 
2.7c 45.0c 8.9c 1.6a 
27.2c 76.8c 44.2c J.2c 
8.Jc 4o4.6c 27.0c 1· '5a 
28.5c 25.6c 22.4c 2.7c 
51.1c 171.6c 8.5c 12.9c 
10.0c 15.3c 0.4 J.lc 
G = Great Englebourne Farm 
SH = Seale Hayne 
a P < 0.05 
b p < 0.01 
c p < 0.001 
Dist-time Age-time 
2.4c 22.8c 
1.8a 9.4c 
1.3a 31.0c 
1.2 4. le 
2.0c b 1_. 7; 
1. 1 4.Jc 
2.Jc 
-,,1.4 
J.4c J.6c 
o.9 2.1b 
• 
TABLE 18 
The partial variance ratios {F) from the analysis of variance of 
male cabbage root flies. 
Venn 1980B 
G 1980B 
SH 1980B 
SH 1980C 
Venn 1981A 
Venn 1981B 
G 1981A 
SH 1981A 
SH 1981C 
Distance Age Time Dist-age 
22.6c 327.1c 36.9c 1.6a 
6.2c 35.1c 4.2c 1.9b 
5.5c 53.2c 44.3c 1.5a 
3. 7c 11.3c 22.4c 0.9 
37.6c 16.3c 9.8c 3.0c 
c 13.8c 30.9c 39.0 1.0 
40.1c 14.6c 11.8c 1.9a 
5.8c 20.7c 7.6 c 1.2 
2.8b 2.6b 1.0 1.2 
G = great Englebourne Farm 
SH = Seale Hayne 
a P < 0.05 
b p < 0.01 
c p < 0.001 
Dist-time Age-time 
2.4c 31. 9c 
1.4a 4.6c 
1.7b 13. 7c 
1.2 4.6c 
3.4c 1.7 b 
0.4 2.5 
2.2c 1.6 
1.9c 2.0a 
1.6a 1.0 
but there was a complex relationship between number and distance; 
which cannot be described by any simple model (Pig. 86). 
The significant distance-age interaction suggests that the mean 
distance dispersed depends on the age of a fly, and the distance-time 
interaction may indicate that the mean distance dispersed alters with 
time. The age and time variables are related because the mean age of 
flies will probably increase with time. The third order interactions 
are unlikely to reflect any real effects (John & Quenouille, 1979). 
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CHAPTER III. 7 
The relationship between the number of flies caught and distance 
Introduction 
The number of flies should decline exponentially with distance. 
(within sampling error) according to the basic model (1) (Hawkes, 
1972a). 
y = exp (a - b/x) (1) 
The plots of number caught against distance reveals major departures 
from the expected exponential form (Figs 79- 107). The local condi-
tions appear to be influencing the number of flies caught, which could 
be caused by changes in the fly distribution or in the proportion of 
the population caught. It is necessary to appreciate the mode of 
action of the yellow water traps and the factors that influence trap 
catch. 
The yellow water traps provide a relative estimate of the popula-
tion density in the vicinity of the trap. The capture of cabbage root 
fly depends on the active attraction of the flies, rather than the 
passive effects of the wind. Wind direction and wind strength have 
only a small influence on trap catch (Pinch & Skinner, 197Jb, 1975; 
Hawkes, 197J). The gravid females are attracted upwind to host crops 
(Hawkes, 1975) and to ANCS, which is a naturally occurring volatile 
in brassica plants (Hawkes & Coaker, 1979). Pinch & Skinner (1979) 
suggest that females of all age-groups move upwind even in the absence 
of host plants, but neglect that they were trapping the flies with 
traps containing ANCS as an attractant. 
The flies respond to visual stimuli, since the colour of the trap 
has a marked influence on trap catch (Finch & Skinner, 1974a). The 
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number of flies caught depends on the trap spacing, with the catch 
reaching a maximum at a 5 m. spacing, suggesting an attractive radius 
of 2.5 m. (Pinch & Skinner, 1974a). A later more sophisticated 
experiment indicated an effective radius of 5 m. (Finch &. Skinner, 
1982b). 
The number of insects caught depends on the absolute population 
density and the efficiency of capture, where the efficiency is defined 
as the proportion of the insects present that are caught (Southwood, 
1978). The efficiency is a function of the attractiveness of the 
traps, the activity and responsiveness ·of the insects. 
The attractiveness of the trap may alter with changes in the 
surrounding vegetation. The traps could become more conspicuous, 
or there could be less competition from other attractive points (e.g. 
flowers). Hawkes (1972a) found that the amount of vegetation affected 
the trap catch, but may have been caused by the denser plant cover 
obscuring the traps. 
The responsiveness of the insects may alter with age, so the 
different age-groups may not be equally susceptible to capture. The 
behavioural pattern of the cabbage root fly has been shown to 
change with age (Hawkes, 1972b), and the older females are recaptured 
at a lower rate (Pinch & Skinner, 1974a). 
The activity of an insect depends on the climate, and particu-
larly on the temperature (Taylor, 1963; Kitching, 1977). The insects 
are active between a lower and an upper threshold. The activity 
rapidly rises to the maximum beyond a threshold (Kitching, 1977), so 
the rate of dispersal will be largely independent of temperature, 
provided the temperature does not exceed the thresholds. The lower 
activity threshold lies in the region of 10°C (Hawkes, 1972a; my 
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observations) and the upper threshold is in excess of 30°C. Strong 
winds or rainfall can reduce the catch of cabbage root fly by the 
prevention of active flight (I.!iles, 1954; Finch & Skinner, 1973b; 
Hawkes, 1973). The vegetation can also affect the activity level, 
since gravid females fly more frequently in the presence of host 
plant odour (Hawkes, Patton & Coaker, 1979). 
The models 
(a) The effect of hedgeS on fly distribution 
The hedges clearly affect the fly distribution in Venn 1981A 
and Great Englebourne 1981A (Figs 82 and 83 & 91 and 92). In both 
cases the trap line passes across fields rather than along hedgerows, 
and there is a marked increase in the male and female catch where the 
trap lines intersect with the hedges. The preliminary analysis 
(Ch. III.4) indicates that there are two populations present. The 
hedges are known to cause aggregation of the males, and to a lesser 
extent, of the females (Hawkes, 1972a, 1973; Finch & Skinner, 1973b). 
The flies are thought to be attracted by visual stimuli to the hedges 
a source of flowers for feeding sites. In the other data sets the 
trap lines were either laid along the hedgerows (e.g. Venn 1980B, 
Great Englebourne 1980B, Ve~ 1981B), or were arranged well away 
from the hedges (e.g. Seale Hayne 1980C, 1981A, 1981C). 
The effect of the hedgerows will be modelled using a dummy vari-
able (z) to allow the intercept to vary at the hedge. 
Logey = a+b1 ,/x +b2z 
Traps beyond 1 m. from the hedge (z = 0) 
Loge Y = a + b1 ,;x 
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Traps within 1 m. of the hedge (z = 1). 
Logey = (a+b2)+b1Jx 
This method assumes that the hedge causes only a local aggregation, 
and there is no influence over a longer distance. The male flies 
avoid fallow areas and strongly aggregate at hedges, but when there 
is plant cover the males are less strongly aggregated at the hedges 
(Hawkes, 1973). The aggregations at the hedges are sharply defined 
(e.g. Figs 82 & 83), but there is some evidence for an increase in 
the catch a short distance from the hedge. The additional explanation 
of variance would be marginal, if the model were increased in complex-
ity to cover the situation. 
(b) The effect of brassica crops on fly distribution. 
There is a clear increase in the number of female flies caught 
at the clubroot plot at Seale Hayne 1981A (Figs 105 & 106) and at 
the cabbage crop of Venn 1980B (Figs 79 & 80). The small proportion 
of flies in the young age-groups provides evidence that the increased 
catch is not caused by the emergence of flies (Ch. III.8). The 
increased catch is probably caused by the aggregation of gravid and 
parous females. The gravid females are attracted upwind by host 
plant odour (Hawkes, 1975; Hawkes, Patton & Coaker, 1979), and will 
be stimulated to oviposit by the host plants. The young females 
and male flies are unresponsive to host plant odour. 
There is also a brassica crop located close to the emergence 
site at Seale Hayne, but any aggregation caused by the host plants 
cannot be separated from the emergence of flies. The influence of 
the host plants can be seen from the higher proportion of gravid 
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females downwind (Seale Hayne 19SOB). 
The basic model can be adjusted to allow the intercept to vary 
at a brassica crop, using a dummy variable. 
Loge Y = a + b1../ x + b2z 
In the absence of a brassica crop (z = 0) 
Loge Y = a + b1 . ;x 
In the presence of a brassica crop (z = 1) 
Loge Y = (a+ b2) + b1Jx 
The brassica crop could also affect the slope downwind, because of 
the upwind attraction of gravid females. This could be modelled 
using a second dummy variable, although there is no clear evidence 
for a depletion in female numbers downwind of the brassica crop. 
(c) The emergence of flies from a second source 
The emergence of flies from two sources at Venn 1981A is clearly 
indicates by the high proportion of flies in the youngest age-groups 
(Figs 82 & 8)). The field containing traps 37 -56 (d = 200 - )20 m.) 
contained a fodder turnip in the previous autumn. The crop was only 
grown for six weeks, but this was long enough to develop an appreci-
able fly population. The emergence from two sources can be modelled 
by the combination of two independent regression models. 
Log y = ~ - bl.Y~ e 
Log y = a2 - b2Jx2 e 
where x2 =AS (~ - 160) 
yl + y2 = exp (~ + b1J~ + a2 + b2Jx2) 
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(d) Secondary peaks in the number of flies caught 
The hedgerows and brassica crops have been identified as causing 
secondary aggregations, but in two data sets (Venn l-980B & Seale 
Hayne 1980B) the secondary peaks do not correlate with these iden-
tified features. 
(1) Venn 1980B 
There is a secondary peak present for all the age-groups of both 
sexes (Figs 79 & 80), so the pattern cannot be a result of changes 
in the susceptibility to capture with age. The secondary peak of the 
males and females occur at different positions; the male peak at 
trap lJ (120 m.) and the females peak at trap 17 (160 m.). The 
female peak coincides with the boundary of the cabbage crop, which 
is known to cause aggregation of gravid females (Hawkes, 1975). The 
male peak occurs at the centre of a barley crop on the western side 
of the fence, and close to the junction of a potato crop with a 
fallow area on the eastern side of the fence (Fig. 42). The barley 
crop could be causing an aggregation of the males by providing feed-
ing sites (Hawkes, 1973). 
An increase in catch could be caused by an increase in population 
density or an increase in the efficiency of capture. A decrease in 
activity through a decrease in the frequency of flights, or decreased 
flight length, or an increase in turning moments, would increase the 
probability of a fly remaining in the area and an increase in popu-
lation density. A decrease in activity could also lead to a decrease 
in the efficiency of capture. 
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FIG. 59 
The three proposed models for the explanation 
of the secondary peak at Venn 1980B. 
Model changes in efficiency 
Distance 
Model aggregation 
Model 3 second emergence source 
Three alternative mechanisms can be proposed to explain the 
observed pattern of fly catch (Fig. 59). The first model suggests 
that the barley reduces the activity of the males, and the brassica 
crop affects the females, producing an aggregation. If the population 
density increases-to a greater extent than efficiency is reduced, 
then the trap catch will increase. The second model suggests that 
the crop types alter the efficiency of capture. The traps capture 
only a small proportion of the flies, so will not significantly affect 
population density (Finch & Skinner, 1974a). The traps are actually 
situated in the fairly uniform interface between the fence and the 
crop, but the attractive radius will extend into the crop.- The traps 
could be more attractive in contr_ast ·with the barley crop. The third 
model suggests that the population density is increased by the delayed 
emergence of flies from a former host crop (the 1979 swede crop). 
The slope (b) of density against distance can be only directly 
Changed by an alteration in activity, which would probably also 
affect the efficiency of capture and the value of the intercept (a). 
A change in efficiency, for example by an increase in the attractive-
ness of the trap, would cause an increase of_movement rates only 
within the small area of the attractive radius and would have only 
a small direct influence on the slope. The change in intercept could 
have a large influence on the fitted value of the slope, if the change 
in efficiency were not recognised (Fig. 60). Such a major deficiency 
in the model could.be clearly identified from the residual pattern. 
The three models can be expressed as linear regression equations. 
The efficiency can be allowed to vary by means of dummy variables, 
coding unity for the presence of a crop and zero for the absence. 
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FIG. 60 
The indirect effect of a change of efficiency on the fitted slope. 
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Loge y = a+b1,Jx+ b2z 
when z = 0 Loge y = a + b1~x 
when z = 1 Loge y = (a + b ) + b1 ,Jx z 
The dummy variables could also be used to allow the slope to vary, as 
the rate of movement decreases to· cause the aggregation (model 1). 
The secondary aggregation could also be treated as a secondary source 
of dispersing flies. 
yl = exp (~ + blJ~) 
y2 = exp (a2 + b2,Jx2) 
yl + y2 = exp ((~ + a2) + bl ~~ + b2 ,Jx2) (1) 
The emergence from a second primary source (model 3) could be expressed 
as a similar eq~ation, although b1 and b2 would be expected to be 
identical. 
An examination of the plot of density against distance (Pigs 79 
& 80) reveals no major discontinuities (within sampling error), so 
the pattern is unlikely'to result solely from efficiency changes. 
The preliminary analysis of the data (Ch. III.4) suggests that there 
are two superimposed populations, possibly dispersing at different 
rates. The observed peak is probably a result of either aggregation 
or emergence from a second source, both of which are capable of pro-
ducing a similar pattern (Pig. 59). The fitting of the regression 
model (1) provides a good explanation of the data, leaving no signi-
ficant trends in the residual pattern (Pig. 81). There is no evi-
dance for changes in the efficiency of capture. The peak is 
probably the result of aggregation, as. shown by the age structure 
(Ch. III.8). 
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The sharp definition of the peak requires explanation, since the 
. crops would have been expected to produce a broad plateau. The 
female peak occurs at the boundary of the brassica crop, which is 
known to cause upwind attraction of gravid females (Hawkes, 1975). 
The male peak occurs in the centre of a barley crop on the western 
side of the fence, and close to the junction of a· .fallow area and a 
potato crop on the eastern side of the fence. Male cabbage root flies 
are known to accumulate at crop interfaces (Finch & Skinner, 1973b), 
and also to avoid fallow areas (Hawkes, 1973). These cannot explain 
the male peak, because there is no increase in male numbers at any of 
·the other crop interfaces (e.g. parsnip-fallow, or fallow-barley). 
The peak may be caused by an 'edge effect•, whereby the flies at the 
edge of the arrestant region, leave the area in the course of random 
movement and resume dispersal at normal rates. The aggregation would 
be acting as a secondary source of dispersing flies. 
(2) Seale Hayne 1980B 
The two trap lines will have to be analysed separately, because 
of the presence of a secondary peak in the second trap line (traps 
1-10 & 12-46)(Figs 97 & 98). The secondary peak appears to be caused 
by aggregation at an area of long grass (Finch & Skinner, 1975) , and 
will be described using two independent variables. 
(J) Venn 1981B 
There are secondary peaks towards either end of the trap line for 
• 
the male flies {Fig. 86), which may be connected with the nearby hedges. 
The peaks do not correlate with any crop or physical feature, so it is 
not possible to propose any meaningful model. 
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Conclusion 
The differences in crop pattern and position of hedges requires 
a specific model for each data set. The models can be expressed as 
linear regression equations, which will be used for the subsequent 
calculation of the slopes. 
Venn 1980B 
Loge Y = a + b1 J XJ. + b2 Jx2 
where x2 = ABs (XJ_ - 160) 
x2 = ABS (XJ_ - 120) 
Venn 1981A 
(~·) 
(at) 
Log6 Y = a + b1 / XJ. + b2,/ x2 + b3z 
where x2 = ABS (XJ_ - 160) ( ~ + d'. ) 
z codes for the hedges 
Venn 1981B 
Log Y = a + b1#x e 
Great Englebourne 1980B 
Log y = a + bl fl/ X e 
omitting traps 5 & 6 as outliers 
Great Englebourne 1981A 
Log y = a + b1 1'/ x + b2z e 
Se ale Hayne 1980B 
Trap line 1: Loge y = a + bl"' X 
Trap line 2: Log y = a + bl"' XJ. + b2../ x2 + b3z e 
where x2 = A.BS ( XJ.' - 200) 
z codes for the brassica crop 
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Seale Hayne 1980C, 1981A, 1981C 
= 
where z1 codes for the brassica crop close to the emergence site, 
and z2 codes for the clubroot plot. 
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CHAPTER III.B 
The chaAge in age structure with distance 
Introduction 
The analysis of variance (Ch. III.6) has demonstrated significant 
interaction between the distance and age, suggesting that the mean 
distance dispersed by a fly depends on the age. The flies would be 
expected to move further from the emergence site, as they become older. 
The age structure of the population would alter with the distance from 
the emergence site, with the older age-groups gradually forming a 
greater propo:ction of the population with increasing dstance. The dis-
tribution of young flies could be valuable in the location of emerging 
flies (cf. Venn 1980B), and could indicate which of the alternative 
models provides the explanation of the secondary peak. 
Methods 
The number of flies in each age-group caught in traps at differ-
ent distances, cannot be directly compared because of the variation 
in the total catch of each trap. The catch of each age-group can be 
standardised by expressing it as a proportion of the. total catch. 
This conversion of numbers to ratios has the disadvantages of producing 
wildly fluctuating plots by emphasising any errors in the classifica-
tion into age-groups and magnifying the small absolute changes when 
the catch is low. Many of the peaks or troughs are the result. of 
a single extreme point, so the ratios will be smoothed to extract 
the well-supported trends. 
Non-linear filters based on moving medians provide protection 
against occasional spikey noise, yet respond well to a supported 
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pattern. One danger of smoothing is the possibility of extracting 
sinuosoidal pattern from completely random series (Chatfield, 1980). 
The non-linear filters have been shown to be highly resistant to 
noise, but capable of accurate recovery of the underlying pattern 
(Velleman, 1980). The standardised number for each age-group were 
smoothed using the 425JH subroutine of the MlliiTAB ·package (Ryan, 
Joiner & Ryan, 1981). A similar pattern was extracted by a second 
non-linear filter (JRSSH) and a simple triple running mean. The 
residual pattern was found to be random by a runs test (Sokal & 
Rohlf, 1969). 
Results 
(a) The effect of hedges 
For Venn 1981A and Great Englebourne 1981A there was a consis-
tent increase in the proportion of parous females at the hedgerows 
(Figs b'+ & [$). Hawkes (1972a) noted an increase in non-gravid 
females at hedgerows, which may be connected with feeding activity. 
(b) The effect of brassica croos 
The proportion of parous (F6) females increased at the host crops 
at Seale-Hayne 1980B, both at the emergence site and the clubroot 
plot (Fig. 6)). The gravid (F5) females will b& stimulated to ovi-
posit by the available host plants. 
(c) The emergence of flies from a second source 
For Venn 1981A, the emergence of flies from two sources is 
clearly marked by the high proportion of young flies (Fig. bS'·). 
(d) The secondarz peaks in fly numbers 
For Venn 1980B, there is an increase in the proportion of 
gravid (F5) females at the secondary peak in fly numbers (Fig. 62) • 
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FIG. ,, 
The changes in age structure with distance for 
Great Englebourne 1980b. 
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The secondary peak is unlikely to be caused by emergence, as there 
is no evidence for an increase in the proportion of young flies. 
The brassica crop would appear to be causing the aggregation of 
female flies (Hawkes, 1975). The males are not responsive to the 
host crop and are thought to be aggregating because of the barley 
crop. There is an increase in the younger age-groups (Ml + M2) at 
the male secondary peak, but we would not expect a clearly defined 
change in the male age-structure, because the male age-groups are not 
based on such behaviourally or physiologically defined criteria as 
the female age-groups. 
For Seale Hayne 1980B, there was a secondary peak at about 
200 m. along the second trap line, where there is a marked increase 
in the proportion of the younger (ll!l + M2) age groups (Fig. 63). 
The female secondary peak was less :clearly defined, although there is 
a marked increase in gravid (F5) females. The aggregation is pro-
bably caused by the presence of unmown grass and flowers, which could 
provide a source of food in an otherwise barren site. 
Discussion 
The age structure of the population can provide useful infor-
mation in the investigation of insect distribution, and in particular, 
in the separation of secondary aggregations from the emergence of 
flies from primary sources. 
For Seale Hayne 1981A and Venn 1981B there was little change 
in age structure with distance. In the other data sets, the oldest 
male age-group (MJ) does generally increase with distance, with the 
exception of Great Englebourne 1981A where the M2 age~group increases 
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towards the end. 
In some of the data sets (e.g. Venn 1980B, Great Englebourne 
1980B & 1981A) the gravid (F5) female age-group appears to increase 
with distance. In the case of Great Englebourne 1981A, this apparent 
increase may be caused by the strong aggregation of parous flies at 
the hedgerows. In all cases, the increase in the proportion of 
gravid flies occurs where the catch is smallest because of the dis-
tance from the emergence site. The absolute increase in the number 
of flies is small, and the proportions could be greatly affected by 
the misclassification of a single fly. There is generally no con-
clusive evidence for an increase in proportion of the older age-group 
with distance. 
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CHAPTER III.9 
Fitting the regression models 
Introduction 
The slope of density on distance can now be calculated by fit-
ting the models (Ch. III.7) to the data. The slope will then be used 
to estimate the mean distance dispersed for wild cabbage root flies__ _______ _ 
emerging from any agricultural crops, 
The slope for cabbage root fly has previously been estimated 
from discrete releases of cultured flies in mark-recapture experiments 
(Hawkes, 1972, 1974, 1975; Finch & Skinner, 1975; Freeman, 1977). 
The slope was found to decrease with time, as the flies disperse away 
from the release point. 
The emergence of wild flies from the site of a former host crop 
will extend over a period of time (Finch, 1977; Fig. 28), The emer-
gence occurs with a definite peak, and the slope of the total catch 
of males or females would be expected to initially increase until the 
maximum emergence has occurred, because the addition of flies by 
emergence will be greater than the·departure of flies by dispersal. 
The slope would then be expected to decline after the peak in emer-
gence, as the emergence of flies fails to replenish the flies disper-
sing away from the emergence site. 
The slope for a particular age-group would not be expected to 
alter with time, because the mean age of the age-group would be 
approximately constant, unless there were a radical shift in the 
climate. The oldest age-group may be an exception, because the flies 
cannot develop beyond this final stage, so there could be a decline 
in the slope with time, once emergence has been completed and the 
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remaining flies continue to disperse until death. 
A comparison of the slopes of the different age-groups provides 
a test of the migration hypothesis of Finch & Skinner (1975). They 
propose that there is a migration during the fifth and sixth days 
after relea~e, which corresponds with the development of gravid (age-
grou~males. If there were a migration of gravid females, then 
the slope for this age-group should be significantly smaller than for 
the younger ~e-g~~ The slopes of the age-groups can be directly. 
'~ J 
compared by a series-oft-tests, but this increases the risk of accep-
ting insignificant differences as significant (Type I error, Sokal & 
Rohlf, 1969). The intercepts and slopes of the different age-groups 
can be simultaneously compared within a single test using a multiple 
regression procedure (Kleinbaum & Kupper, 197B). 
The mean distance dispersed for an age-group can be estimated 
from the slope, and the mean age of the age-group can be estimated 
from the daily maxi= and minimum temperatures (Ch. II.9). The dis-
persal rate can then be calculated by the division of mean distance 
dispersed by mean age. 
The mean distance dispersed is to be estimated from the slope, 
so it is essential that the density-distance models are an accurate 
description of the data. The statistical significance can be assessed 
by analysis of variance, and the proportion of the variance explained 
(R2) will be of practical value in determining the quality of fit. A 
significant fit may explain only a small proportion of the variance, 
when there are a large number of observations. A low R2 could result 
from an incorrectly specified model, or could reflect high data vari-
ability. The critical assumptions of parametric statistics are a 
normal and independent error distribution, with a common variance 
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(Kleinbaum & Kupper, 1978). An examination of the residuals is 
capable of revealing violations of these assumptions (Anscombe & 
Tukey, 1963, Kleinbaum & Kupper, 1978). The residuals can be stan-
dardized to test for inf.luential obsevations and outliers (Prescott, 
1975; Cook, 1977; Ryan, Joiner & Ryan, 1981). The normality of the 
residuals can be investigated by a probability plot, which will reveal 
any unexplained features in the data capable of imparting a signi-
ficant bias to the fitted slope (Weisburg, 1980). A successful fit 
will be achieved if the model explains a~ amount of the variance, 
and produced a random, normal residual pattern. 
Methods 
The preliminary analysis (Ch. III.J) has shown that the data 
needs to be transformed to logarithms. The zero values have either to 
be omitted, or a start of unity applied to all the values before 
transformation (Ch. III.4). 
The individual sample times will be pooled for each generation 
of cabbage root fly, because the variation in the number of flies 
caught is thought to influence the value of the fitted slope (see 
later). The pooling has the.advantages of increasing the overall 
catch and hence the statistical precision, and will help to smooth 
out random sampling errors. The zero observations were omitted from 
fUrther analysis, because this option avoids any problems of distor-
tion produced by the start (Ch. III.4). The loss of observations for• 
most data sets is only a small proportion of the total, except for 
the youngest age-groups, where only a few individuals were ever 
caught. A start would not be suitable with such low catches, because 
of the inevitable significant distortion (Ch. III.4). 
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The regression of the transformed data on the square root of 
distance, Will be initially calculated to allow the direct comparison 
of the fitted slopes (Hawkes, 1972a; Finch & Skinner, 1975; Freeman, 
1977). The calculations were performed using the UINITAB package, 
which is a modern, efficient routine with good facilities for the 
plotting and testing of the residuals (Ryan, Joiner & Ryan, 1981). 
A better empirical fit to the density-distance data may be achieved 
by allowing the exponent of distance·. to vary (Taylor, 1978, 1980), 
although the fitted values will no longer be directly comparable. The 
models were fitted using a non-linear least squares program (E04FCF 
subro.l.4-tine, N:.G 1978). 
The slopes and intercepts of the different age-groups were com-
pared using dummy variables in a multiple regression model (Kleinbaum 
& Kupper, 1978). The comparison of three groups requires two dummy 
variables. The first group is coded as zero in both dummy variables; 
the second group is coded unity in the first and zero in the second 
variable;. the third group is coded zero in the first and unity in the 
second variable. The multiple regression model (1) is then fitted to 
the combined data, and the significance of different coefficients can 
be tested by their explanation of variance (F test). 
LogeY = a + b1j x + b2z1 + b3z2 + b4J xz1 + b5,Jxz2 (1) 
where z1 codes 1 for Fl + ), 0 for F5 & F6 
z2 codes 1 for F6, 0 for Fl + 3, & F5 
For age-group Fl + 3: 
LogeY = (a + b2) + (b1 + b4),.fx 
For age-group F5: 
- 118 -
For age-group F6: 
Log Y 
e 
The mean age of each age-group was calculated for each gener-
ation of cabbage root fly, from the mean daily maximum and minimum 
temperatures (Ch. II.9) measured at Rumleigh (Fig. 39). 
A small number of flies were recorded for many of the younger 
female age-groups, so the number in age-groups Fl, F2 & FJ were com-
bined to form a single age-group (Fl + J). 
Results and Discussion 
A summary of the number of flies caught at the various distances 
for the three sample sites, are presented in Appendix 7. 
(a) The variation in the value of the slope for the different samole 
times within a generation 
The estimated slope varies significantly between the different 
sample times within a generation (Fig. 66). The changes in the slope 
would imply that the rate of dispersal alters between the sample tines. 
This could arise through climatic changes (e.g. temperature, rainfall, 
wind) which are known to affect fly movement (Miles, 1954; Hawkes, 
1972a; Finch & Skinner, 1975). The changes in slope show no close 
correlation with any of the climatic variables (Fig. 67), although 
there is a good correlation with the number of flies caught (Fig. 22). 
Random noise has been shown to cause significant deviation of the 
fitted slope, and the degree of influence depends on the number of 
flies caught (Ch. III.2). The observed variation in the slope is 
probably caused by the differences in catch at the different sample 
times. The individual sample times were pooled, which will help in 
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FIG. 66 
The variation in the estimated slope(b) with sample time. 
Data: Venn 1980B 
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smoothing the random errors and the larger catches will be less 
vulnerable to distortion by random noise. 
(b) Examination of the residuals 
The analysis of variance indicates that the models explain a 
statistically significant propor.tion of the variance for a majority 
of the age-groups in the different data sets (Tables 24-34). A non-
significant fit was found for most of the young age-groups of both 
sexes, and also for all the age-groups of Seale Hayne 1980C. In all 
these cases, the poor fit is a result of the small number of flies 
caught, so only a small proportion of the observations remain after 
the removal of the zero values. 
The models for Venn 1980B, Venn 1981A, Venn 1981B, Seale-Hayne 
1981A and Seale-Hayne 1981C can be considered as satisfactory des-
criptions of the data, because of the random, normal residual pattern 
(Appendix 8). The estimates of the slope obtained from Venn 1980B 
and Venn 1981A are likely to be the most reliable, because they are 
based on the capture of large numbers :of flies and achieve a high 
overall explanation of variance (Figs 81 & 84). 
The residuals from the fitting of the models to the other data 
sets (Great Englebourne 1980B, 1981A and Seale-Hayne 1980B} contain 
noticeable trends, suggesting that there may be further unexplained 
features to ·the . distribution of the flies, which could be causing 
significant bias to the estimated slope (Figs 90, 93 & 96). If the 
underlying cause can be established, then it could be incorporated 
by a suitable elaboration of the model. If no underlying cause can 
be discerned, the influence on the slope could be empirically 
investigated by reducing the weight in regression. 
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The residuals,of Great Englebourne 19BOB display a marked 
overdispersion (Fig. 90), which is producing the apparent bimodality. 
The residuals are random (by·a runs test,Sokals & Rohlf, 1969), so 
the slope is probably an unbiased estimate, although the explanation 
of variance can never be high because of the wide variation in the 
data. 
The residuals of Great Englebourne 1981A display slight bimodal-
ity for the females, and a clear bimodality for the males (Pig. 9)). 
The hedges are probably creating the bimodal distribution, by aggre-
gation of flies at the hedges and a more mobile population away from 
the hedges. The residuals are clearly not random; the traps at the 
· hedges producing consistently positive residuals and the nearby traps 
(3 - 6) produce strongly negative residuals. The low catch of'these 
traps may be caused by attraction to the hedges, or the traps (at 
5 m. intervals) may be interfering with each other (Finch & Skinner, 
1982b). 
The residuals of Seale-Hayne 1980B indicate a number of unex-
plained features in the fly distribution. In the first trap line 
(Pig. 96) there appears to be a smaller catch than expected at traps 
50 - 54 (d = 76 - 90 m.), along the rubble bank. There also appears 
to be a higher than expected catch for traps 55- 6) (d = 96- 159 m.), 
which may be caused by more conspicuous traps or greater dispersal 
over a mown lawn. In the second trap line, the two independent vari-
ables are not a good description of the· data·. The females, in parti-
cular, do not form a clear secondary peak, but rather a poorly 
defined plateau (Fig. 97). 
The flies of both trap lines are being influenced by a number of 
factors, which would require a complex model with additional 
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variables. The data from an unreplicated trap line is too sparse 
and variable for the reliable calculation of the parameters in a 
complex model. Instead, the less complex data for traps 1 - 15 will 
be selected for the fitting of the slope (Figs lOO & 101). 
(c) The comparison of the age-groups 
The multiple regression model explains a high proportion of the 
variance for most data sets (Table 19), so reliable conclusions can 
be-drawn about the relationships between the age-groups. The low 
explanation of variance for Seale-Hayne 1980C is probably a result 
of the small number of flies caught. 
The intercepts of the three female age-groups vary significantly, 
reflecting the obvious differences in the catch of each age-group. 
The gravid females are generally caught the most frequently, proba-
bly because of their greater activity (Hawkes, 1972b). 
There are only a few significant differences between the slopes 
of the female age-group -(Table 19), and these are generally at margi-
nal levels of significance. The significant differences all occ~ 
between the youngest age-group (Fl + 3) and the gravid age-group (P5). 
In all cases, the slope of the youngest age-group is less than the 
older age-group,. which would imply that all the dispersal occurs in 
the youngest age-group, and that the older_flies move back towards 
the source. This is clearly untrue, as few young flies are caught 
in the more distant traps (Ch. III.a). 
The different age-groups are not directly comparable, because of 
the different number of flies caught. The smaller catch of the 
youngest age-group is more susceptible to random noise causing an 
underestimate of the slope (Ch. III.2). 
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TABLE 19 
The comparison of the intercepts and slopes of the female age-groups 
using dummy variables in a multipla regression model. 
Loge = model + bZ1 + bZ2 + bJxz1 + bJXZ2 
where z 1codes for F1+3 
z 2codes for F6 
Site 
Venn 198o8 
Seale Hayne 
19808 
Seale Hayne 
1980C 
Great Englebourne 
19808 
Venn 1981A 
Venn 1981B 
Seale Hayne 
1981A 
Seale Hayne 
1981C 
Great Englebourne 
1981A 
z1 z2 
543.9c 10.4:b 
55 .1c 3- 7 
53.0c 1.0 
80.1c 15.5c 
74.3c 62 .1c 
39.9c 5 .0 
0.04 
68.7c 22.8c 
a = P < 0.05 
b p < 0 . 01 
c p < 0 .001 
partial F 
xz1 
12.4: b 
1.0 
1.6 
3-5 
6.4:a 
2.1 
1.3 
5.9a 
8.1b 
xz2 
0.1 
0.2 
0.4 
1.4 
0.1 
1.3 
0.9 
0 .2 
1.3 
3.0 
R2 
91.8 
73.2 
64.4 
52 .9 
84 .0 
71.1 
28.8 
72 .7 
(d) The comparison of the slope from different generations and 
sites 
The results of fitting the regression models are s~sed. in 
Appendix 8. The various estimates of the slope for each age-group 
are displayed with their associated confidence limits for easy 
comparison (Figs 68-71). 
A pair of slopes can be readily compared by means of at-test, 
but a comparison of all possible pairs would require N(N - 1)/2 = 45 
separate tests. The tabulated significance levels would not be 
correct in such an ~ posteriori search for effects; for 45 tests at 
a 5% nominal significance level, then we could expect about two 
(45 x 0.05 = 2.25) incorrect conclusions (Type I. errors, Sokal & 
Rohlf, 1969). The least significant difference could be calculated 
to ensure an overall 5% significance level for N tests, by using a 
nominal significance level of 0.05/N (0.05/45 = 0.0011%) for the 
individual tests. The tests are likely to be too conservative, so 
there could be a risk of rejecting real differences (Type II error). 
A more efficient test was used, whereby only the comparisons of 
interest were made. The replicate slopes of those sites where two 
independent variables were used (i.e. Venn 1980B, Venn 1981A), will 
be compared initially. If the slopes are found to be insignificantly 
different, then a mean and a pooled variance can be calculated (Steel 
& Torrie, 1980). The different years for each site could then be 
• compared, and pooled wherever possible. Finally, the different sites 
could then be compared. 
Two estimates of· the slope were obtained from the data of Venn 
1980B (Table 24), for the dispersal from the primary emergence site 
(b1 ) and from a secondary aggregation (b2). The slope b1 is 
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significantly different from b2 for most age-groups, and for the 
male age-groups b1 is not significantly different from zero. The 
secondary aggregation is thought to derive from the flies emerging 
from the primary site. The failure of b1 in the explanation of vari-
ance may be caused by sampling primarily the secondary aggregation, 
after the peak emergence has occurred end during the decline in the 
number of emerging flies. The data of Venn 1980B would be produced 
by dispersal from the secondary aggregation. The change in number 
of flies caught (Figs 22 & 2)) shows that sampling was mainly after 
peak emergence, particularly for the males, which are known to 
emerge earlier (Finch, 1977) •. In effect, the slope b1 will be esti-
mated from a smaller catch of flies, which is known to be more 
susceptible to underestimation (Ch. III.2), so will be omitted from 
further analysis. 
The estimates of the slope for the different generations and the 
different sites cover a range of values, and do not appear to form a 
uniform group (Figs 68- 71). The estimates of the female age-groups 
from Seale-Hayne 1980B and Seale-Ha.yne 1981A appear to be larger than 
the main body. These apparently outlying values are not significantly 
different from the main body. 
The various estimates of the slope for each age-group are not 
strictly comparable, because they are each based on the capture of 
different numbers of flies (as shown by the intercepts). Random noise 
has been shown to be capable of causing significant underestimation 
of the slope, and the degree of underestimation depends on the number 
of flies caught (Ch. III.2). The fitted value of the slope is clearly 
correlated with the intercept (Figs 72-75). The smaller the value 
of the intercept, then the greater the underestimation of the slope. 
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The slope estimated for the female age-groups of Seale-Hayne 
1980N and Seale-Hayne 1981A are clearly outliers to the main trend. 
For both data sets, a later but similar trap layout produces estimates 
for the female age-groups which are consistent with the main trend. 
The female age-groups only are involved, which suggests that the 
brassica crop could be the underlying cause (Hawkes, 1975). The host 
crop is specifically attractive to gravid (F5) females, but the 
distribution of parous females will also be altered by the stimula-
tion of oviposition. The younger females are not affected by the host 
crop, but insufficient number of these age-groups were caught for 
any meaningful. regression fit. The value of the fitted parameters of 
the Seale-Hayne data sets are all strongly influenced by the catch 
of flies close to the emergence site (Cook, 1977), which could cause 
an overestimation of the slope. The anomalous results could also 
indicate that dispersal is lower in Seale-Hayne, although the evidence 
is inconclusive and would need to be resolved by further experiments. 
The male and female flies could behave differently, which could lead 
to different dispersal rates (e.g. Pieris, Jones ll !!!:!·, 1980). 
All the estimates of the slope are likely to be underestimates 
of the true slope. The true value of the slope will be approached 
as the intercept tends towards infinity. The true value of the slope 
could be estimated as the limit of a function fitted to the observed 
values of the slope (Figs 72-75). The small number of available 
observations limits the accuracy of the fitted function, but there 
clearly appears to be a limit to the slope of approximately 0.2 
for··all the age-groups. The clustering of the values for the youngest 
age-groups (Figs 72 & 74) means that the limit cannot be accurately 
establi"shed. The values for the other age-groups exhibit a greater 
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spread, allowing a reasonable estimate of the limit. There is no 
evidence for any large differences between the limits of the age-
groups, which would indicate that there is no migration phase. The 
largest number of flies were caught at Venn 1980B, so these estimates 
of the slope will be the least affected by random noise. 
(e) The estimation of dispersal rates 
The largest number of flies were caught at Venn 1980B, so the 
estimates of the slope from this site will be the least susceptible 
to underestimation. The slopes estimated·for the individual age-
group (Table 21) are not significantly different. The age-groups are 
not comparable, because they are based on different catches of flies. 
The flies in the youngest age-group were the least frequently caught, 
so their slope could be expected to be underestimated to the greatest 
extent. 
The dispersal rate calculated from the estimated mean distance 
dispersed and the estimated mean age·, can only be an approximation 
suffering from unknown error (Table 21). The mean distance dispersed 
is likely to be underestimated, whereas the mean age could be ex-
pected to be overestimated (Ch. II.9). The estimated dispersal rates 
range from 49-165 m/day, which includes the estimates of Finch & 
Skinner (1975). There is clearly no indication of any large differ-
ence between the dispersal of the young and gravid flies, and no 
evidence of any migratory phase with dispersal rates of 1000 m/day. 
The simulation m~del based on field observations of wild flies, 
predicts dispersal rates of 29-87 m/day (Fig. 22; Hawkes, pers. comm.) 
The rate of dispersal shows a progressive decrease with time, which 
was also noted in the mark-recapture experiments (Hawkes 4 1972a, 
1974, 1975). At the start of the experiment all the flies will 
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TABLE 20 
The estimated mean age for the male and female age-groups of the 
different generations of cabbage root fly. 
Generation Mean temperature(°C) 
Max. Min. 
1980B 18.1 10.7 
1980C 18.7 11.7 
1981A 15.5 8.4 
1981B 19.3 12.2 
1981C 20.4 10.5 
Mean aqe (days) 
F3· · F5. F6 
3-79 7.21 8.42 
3-25 6.58 7-79 
5-29 10.21 11.88 
3.04 6.08 7.21 
2.96 5.96 7.04 
M2 
4.46 
4.17 
5-79 
3.96 
3.88 
MJ 
10.42 
9.83 
13.38 
9-33 
9-33 
TABLE 21 
The estimated dispersal rates from the data of Venn 1980B. 
Age-group 
F1+3 
F5 
F6 
FT 
M1 
M2 
M3 
MT 
* 
Intercept 
(a) 
6.26 
7.22 
7-54 
6.41 
5.89 
Female age-group 3 
Slope Mean distance 
(b) dispersed(m) 
-0.179 624.2 
-0.167 717.1 
-0.206 471.1 
-0. 183 597.2 
-0.198 510.2 
-0.190 554.0 
-0.198 510.2 
-0.195 526.0 
Mean age 
(days) 
* 3-79 
7.21 
4 •. 46 
10.42 
Dispersal rate 
(m / day) 
164.7 
99.5 
56.o 
124.2 
TABLE 22 
The results of the simulation of dispersal of wild females. 
HAWKES (pers. comm.) 
N = 30 
Time(days) 
1 
2 
3 
4, 
5 
6 
7 
8 
12 
Mean distance dispersed 
(metres) 
87 
129 
155 
202 
213 
261 
261 
286 
353 
Dispersa 1_ rate 
( m I day ) 
87.0 
64o.5 
51.7 
50.5 
4o2.6 
4o3.5 
37-3 
35.8 
29.4o 
necessarily be at the starting point, and movement will be away from 
this starting point. As dispersal continues the probability of 
individuals moving back towards the starting point will increase, 
and the mean distance will consequently decline. 
The mean distance dispersed of the simulation model was estima-
ted from thirty individuals, producing dispersal rates somewhat 
lower than the indirect esticates from the slope of density on distance. 
The estimates of dispersal based on the capture of flies may produce 
higher apparent rates, oecause of a bias towards capturing the more 
active flies which are also likely to disperse over greater distances. 
The flight length used by the simulation model is known. to be an 
underestimate (Hawkes, pers. comm.). The flight length increases 
with distance away from the emergence site, because the flies with 
the longer flight lengths will tend to disperse greater distances. 
The trap lines also sample only a portion of the population, with the 
flies with greatest flight lengths passing beyond the sample area. 
(f) The comparison of the estimated slope with previous studies 
The studies of both Hawkes (1972a) and Finch & Skinner (1975) 
obtained sufficient observations to allow a meaningful estimate of 
the slope of density on distance. Freeman (1977) reanalysed part of 
the data of Finch & Skinner (1975) using a more elaborate model 
allowing the slope to change with time. The slope was estimated by 
Hawkes (1972a) using a simplex non-linear least squares method 
(Himmelblau, 1972), The zero observations were accommodated by 
replacing them with an arbitrary small value and a low weight, 
Finch & Skinner (1975) do not mention how they dealt with zero obser-
vations, but it is probable that they simply ignored the zeroes in 
the calculation of the slope. Freeman (1977) used a z = log (Y + 3/8) 
e 
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TABLE 23 
A summary of the estimates of the slope from previous studies . 
The data of Hawkes(1972a) were originally fitted using a simplex 
non-linear least-squares method,and have been refitted using a 
linear least-squares. 
HAWKES ( 1972a) 
Simplex Linear 
R2 Female b a b 
1967 Expt . ( 1) -0.73 o. 72 - 0.095 23.1 
{2) 
- 0 . 75 0.85 - 0 . 119 45 . 0 
1968 ( 1) 0830-1030 -1.30 3.00 -0 . 452 6o . 5 
(2) 1030-0830 - 0.51 2 . 18 - 0 . 274 48 . 4 
Male 
1967 ( 1) -0.85 1.55 -0. 183 20.5 
(2) 0445-0830 -1.63 2 . 69 -0.463 52 . 6 
0830-0830 -0.56 o. 71 -0.029 0 . 1 
1968 ( 1) 0445-0830 -2.15 2.63 -0 . 416 49 .3 
0830- 0830 -0.57 1.66 -0.231 70.1 
(2) 0830-1030 -1.59 5.00 -0 . 705 73 - 5 
1030-1430 -1.06 4 . 68 -0.600 25.5 
1430-0830 -0.67 3.66 -0.414 57- 3 
FINCH & SKINNER (1975) 
R2 a b 
ANCS present t1' c • 0 .2 
ANCS absent ... 0.075 0 .075 26 . 5 
~ 4 .01 0.262 56. 9 
FREEMAN ( 1977) 
R2 a b 
Young culture 2 . 08 - 0 . 280 39 -3 
Intermediate culture 0.17 - 0 . 141 31.4 
Old culture 1 . 93 - 0 . 196 51.0 
~ - 0 . 99 
} - 0 .097 
0' - 0 .32 
Young wild 9 -3 
$ -0.61 
dt -0. 65 
Old wild 1 . 66 - 0 . 242 22 . 8 
FIG. 76 
The relationship between the slope and intP.rcept fitted to the data of . 
Hawkes(1972a) by a linear regression model. 
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transform, which he found satisfactory for the equalisation of 
variance, but he did not·consider the effect on the estimated slope. 
Hawkes (1972) reported values for the slope ranging from 
0.51- 2.15 for culture flies (Table 23). The culture flies have 
been shown to disperse at about !rd of the rate of wild flies (Finch 
& Skinner, 1975; Hawkes, Patton & Coaker, 1979). The size of the 
estimates may also be partly caused by the non-linear least squares 
method, which will be strongly influenced by the catch of traps close 
to the release point, but may describe poorly the later decrease 
with distance. The slope was estimated using a linear least squares 
method, for direct comparison with the estimates of the present study. 
It would not be possible to omit the zero observations, because this 
would leave too few observations. The data were transformed to 
z =log (Y + 1), but the slopes will be underestimated because of 
e 
the small number of flies recaptured (Ch. III.4). The estimated 
slopes range from 0.183 - 0.705, which remain significantly higher 
than the majority of estimates from this study. The fitted slope and 
the intercept are strongly correlated (Fig. 76), which would suggest 
that noise is causing underestimation of the slope. The slope of the 
regression of fitted slope and fitted intercept is significantly 
steeper than found in the simulation of random noise on a regression 
line (Fig. 38). The slope and intercept would be expected to decrease 
together in a discrete release experiment, as the flies disperse away 
from the release point. The correlation observed between the slope 
and intercept (Fig. 76) is probably caused by the combination of a 
statistical effect produced by random noise and a real effect produced 
by dispersal of. the flies. 
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Finch & Skinner (1975) present their results as mean distance 
dispersed, although these estimates were derived from the slope of 
density on distance. They found low values for the slope for females 
on the 5th and 6th days after release, which they attribute to a 
migratory phase. I have proposed that it is an artefact of the use 
of MlCS attractant in the traps, which is specifically attractive to 
gravid females. The small number of flies recaptured would also lead 
to a serious underestimation of the slope (Ch. III.2). The males 
are unresponsive to MrCS, so the fitted slope should be comparable 
with the present study. The culture and wild males dispersed to 
approximately 500 m. after seven days (slope = 0.2), indicating a 
dispersal rate of 71.4 m/day. The first experiment (in 1971) is 
particularly useful, because the yellow water traps were used without 
ANCS, and the slope of males and females can be compared With the· 
present study (Table 2)). The catch of females was low, which is why 
ANCS was used in later experiments. The slope is probably an under-
estimate caused by the small number of females caught. The estimate 
for· the males is based on the recapture of a larger number of flies, 
and the slope is only slightly higher than the estimates of the present 
study. 
Freeman (1977) reports estimates of the slope ranging from 0.097 
0.280, but many of these estimates are based on the capture of very 
small numbers of flies (Table 2)). The smallest values of the slopes 
were obtained from the old culture and the young wild flies, which 
were also caught the least frequently (as shown by their intercepts). 
so would be expected to be underestimated to the greatest extent. 
The data of the current study suggest a limit of approximately 
0.2 for the slope of density on distance. The estimates of Finch & 
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Skinner (1975) for the non•ANCS traps, and the estimates of Freeman 
(1977), broadly agree With this limit. The female migration proposed 
by Pinch & Skinner (1975) was not confirmed by the present study, end 
is thought to be an artefact of the use of AlWS attractant and the 
·underestimation caused by the small number of flies caught. 
(g) The use of Xc instead of the square root of X 
A significantly greater explanation of variance is achieved with 
Xc. The additional explanation of variance is small, because the 
fitted values of c fall close to 0.5 (Fig. 77). The marginal increase 
in explanation is outweighed by the disadvantage of the fitted s+opes 
no longer being directly comparable. The comparison could only be 
\ 
made after calculation of the mean distance dispersed (Appendix 1). 
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FIG. 77 
The effect of varying the value of the power (c) in the 
c 
equation Y=exp(a - bX ) on the proportion of the variance 
ex-plained(R2 ). 
MAXIMUM R2 
Graphical E04FCF 
Age-group estimate estimate 
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F5 0.42 0.419 
Data: Venn 1980b F6 0.60 0.604 
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CHAPTER III .10 
General discussion 
The dispersal of the gravid females determines the number of 
eggs laid in a host. crop, controlling the size of the neXt generation 
and the.level of damage to the crop. The limiting value of the slope 
of density on distance is clearly close to a value of 0.2 for gravid 
females (Fig. 72), indicating a mean distance dispersed of 500 m. 
There is no evidence for a m'igratory phase during the life of a fly, 
and little clear evidence for the selection of a different mean dis-
tance dispersed under different agricultural practices. 
The mean distance dispersed may be rather misleading, because 
the value is greatly influenced by the small proportion of flies 
dispersing a large distance. The median (~0 ) may be more relevant 
for the design of any future attempts to control by alternative 
methods (e.g. chemosterilization, removal of hedgerow flowers, etc.). 
The mean will be larger than the median for positively skewed distri-
butions. The distance within which 95% of the flies remain ~x95 ) 
can be calculated from equation (1). 
= 60.l/b2 · (Hawkes, 1975) (1) 
The total number of flies could be estimated from the integral 
of the density-distance relationship (2), if the constant (k) were 
known. 
... 
N = j k.y.2'1t' x.dx 
0 
where y = exp (a - b_Jx) 
( 2) 
The number of flies within a specific radius could be represented as 
equation ( J) , although this partial integral cannot be analytically 
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solved. 
= 
d2 J k.y.21{" x.dx (3) 
~ 
The integral could be evaluated by a numerical integration, if the 
constant were known. The constant can be eliminated by expressing 
the number as a proportion of the total population. This method 
provides a potential means for the quantitative prediction of the 
proportion of a population.that could be expected to disperse far 
enough to attack a new host crop x metres distant. The input would 
be dependent on the arc covered by the new host crop, but there is 
the problem of what happens to flies that disperse past the new host 
crop. 
The majority of flies remain close to the emergence site, but 
the extended tail means that a small proportion will travel over long 
distances (Fig. 78). A moderate distance from the emergence site 
will be effective at reducing the input of flies into a new-host crop, 
but greatly increased distances will be relatively ineffective as a· 
:further barrier to the input of flies (Bateman, 1947). The numerical 
integration suggests that 95% of the flies will remain within 580 m. 
of the emergence site (Fig. 78), whereas the Hawkes (1975) formula 
would indicate a distance of 1503 m. The large disparity between 
these two estimates may arise from the approach to horizontal by the 
proportion with increasing distance. A large difference in the esti-
mates could be caused by relatively small errors in the numerical 
integration. 
The relatively short dispersal range by a large proportion of 
the population would suggest that there are good prospects for con-
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FIG. 78 
The predicted dispersal of a population of cabbag~ root flies 
based on a numerical integration of the density-distance 
relationship with a slope of 0.2. 
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trol by alternative methods. The individual populations of cabbage 
root fly on each host crop will be relatively isolated, with only a 
small exchange of individuals. The study of population variation 
could provide an independent check on the estimates of dispersal. 
Cabbage root fly populations have been found to differ significantly 
in a number of morphol.clgical characters (Hill, 1982) , and they are 
likely also to differ in biochemical characters, which might be 
separated by electrophoresis (e.g. Prakash & Hubby, 1969; Ayala et 
al., 1972). 
The mobility of cabbage root fly is sufficient for the location 
of host· crops, because of the small size of the majority of British 
farms. A reduction in dispersal could lead to decreased mortality 
from dispersal, but could increase the mortality from competition. 
The crops are regularly rotated, so dispersal is essential at least 
once a year, to avoid the risk of total reproductive failure. An 
increase in dispersal (e.g. by migration) would spread the flies 
over a greater area, which could reduce the chance of locating a 
suitable crop. The observed dispersal may be a compromise, with a 
small proportion remaining at the emergence site and dispersing over 
a large distance. The majority of flies disperse over moderate 
distances, where they are most likely to discover a new host crop or 
wild crucifers. 
The selection pressure would be expected to be different on 
those livestock farms, where the only host crops are planted at mid-
summer. There is no host crop available to the first generation, 
which would need to disperse over large distances to locate an 
available host crop, or delay emergence until the host crop is planted. 
There would be expected to be strong selection pressure for delayed 
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emergence; since only a very small proportion of the first gener-
ation would be expected to successfully locate a host· crop. This 
system of growing swedes has been used for at least the past hundred 
years, so the flies could be expected to have evolved the optimal 
strategy. The proportion of flies delaying emergence has been found 
to vary on different sites, which may be connected with agricultural 
practice (rinch & Collier, 198)). On Great Englebourne, the largest 
proportion of the first generation flies emerge normally during the 
spring, with a smaller proportion delaying emergence (Figs 24-27). 
The delay in emergence probably carries a high associated cost in 
mortality from fungi and predators. The pupae can suffer high morta-
lity during the winter (e.g. Finch & Skinner, 1980) , and the pupae 
could be expected to be more vulnerable during the warmer conditions 
of spring. The observed strategy appears-to be a trade off between 
the high mortality of dispersal and the high mortality of delayed 
emergence. 
The other insect pests of crucifers face similar problems of 
host plant location as cabbage root fly, but solve them by different 
strategies of reproduction and dispersal (Hawkes, Patton & Coaker, 
1979). The cabbage aphid (Brevicoryne brassicae) is a small insect 
with a low individual search capacity, but produces a large number 
of progeny, which undergo a migration (Kennedy, 1976). The cabbage 
butterflies (Pieris spp.) are large insects with a large individual 
search capacity, producing a small number of progeny, but do not 
undergo a migration (Jones et~·· 1980). The cabbage root fly has 
only a moderate search capacity, and the use of host plant odour 
may have developed to increase the effective area searched. 
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Surmna.r:y 
1. The objective of this study was the quantitative description of 
the dispersal of wild cabbage root flies on agricultural sites, as a 
test of a·migration hypothesis and of the predictions of cor-puter 
simulation model of dispersal. 
2. A method of age determination was developed for male cabbage root 
flies, based on changes in the pupal fat and testes coloUr~ The pupal 
fat was also used to improve the published method of female age 
determination, to allow more rapid separation of nulliparous and parous 
flies,; 
). The rate· of development of the male age-groups were found to dif-
fer in two independent laboratory cultures. The age-groups provide a 
means of dividing a population into groups of comparable physiological 
age , although they may differ in chronological age. 
4. The age-groups provide useful field information, in the separation 
of the different generations and in the location of sources of emer-
ging flies. The age-groups provided evidence for the delayed emer-
gence of the first generation on one site, which may be connected 
with the practice on livestock farms of planting the only brassica 
crop at midsummer. 
5. The rate of development of the age-groups was strongly dependent 
on temperature, as measured by a series of constant temperatures. A 
polynomial equation was derived to describe the relationship between 
development and temperature. The development in the field was pre-
dicted by the summation of the hourly development, calculated from the 
temperature provided by a sine wave approximation fitted to the daily 
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maximum and minimum temperatures. The development time under field 
conditions was slightly but consistently overestimated by the develop-
ment model. The diet had no effect on the rate of male development, 
although the females develop more rapidly when supplied with sucrose. 
It is unlikely that carbohydrate will be limiting in the field. 
6. A computer simulation demonstrated that the slope of density on 
distance could be validly estimated from a non-point source of 
emerging flies (a former host crop). The emergence of flies from a 
second source would not significantly affect the slope, although the 
emergence of flies from wild crucifers could cause significant 
underestimation of the slope, and overestimation of the mean dis-
tance dispersed. 
1. Random noise was shown by a.computer simulation to be capable of 
causing a significant underestimate of the slope and an overestimate· 
of the mean distance dispersed. The influence of the noise depends on 
the number.of flies caught, so the estimates of slope based on the 
capture of different numbers of flies are not comparable. The fitted 
values of the slope and intercept were found to be strongly correlated. 
8. The dispersal of wild cabbage root flies was studies using lines 
of yellow water traps (withou] ANCS attractant) on three sites in the 
South Hams,.Devon, England. The three sites were chosen to cover the 
range of agricultural practice, which may select for different strat-
egies in dispersal or emergence pattern. 
9. The data were transormed to logarithms to improve normality and 
variance homogeneity. The zero observations can be retained if a 
starting value is applied to all the observations before transfdrm-
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ation. The start can produce a significant underestimation of the 
slope. In my analysis, the individual sample times were pooled for 
each generation, and the remaining zero observations were omitted 
from the calculaticm · of the regression. 
10. An analysis of variance reveals that distance, age and sample 
time are all highly significant in the explanation of variance. 
There is significant age-distance interaction for mos~ data sets, 
suggesting that the mean distance dispersed depends on the age of 
the fly. 
11. The hedges and the brassica crops were found to produce a 
marked influence on fly distribution. 
12. The models were a statistically good description.of the majority 
of the data sets, producing a high explanation of variance and a 
random, normal residual pattern. 
1). ·The dispersal rate was estimated by a new method. The captured 
wild flies were separated into age-groups, and a mean age caculated 
for each group. The mean distance dispersed was calculated from the 
slope of density on distance, and the dispersal rate was estimated 
by the division of this distance by mean age. 
14. A range of estimates of the slope were obtained for each age-
group. The fitted values of the slope and intercept were strongly 
correlated, caused by random noise producing a progressive under~· 
estimation of the slope for decreasing catches of flies. The slope 
clearly reaches a limiting value of approximately 0.2 for an infinite 
catch, indicating a mean distance dispersed of 500 m. for gravid 
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females. There was no evidence for any migratory phase during the 
life of a female fly. 
15. The migration of female flies proposed by Finch & Skinner (1975) 
may be an artefact of their use of ANCS attractant, which is known 
to be attractive to only gravid females. 
16. The dispersal rate was estimated at 49-165 m/day, cocpared to 
29-87 m/day predicted by the computer simulation model. The flights 
lengths used by the model are expected to be underestimates, and the 
yellow water traps are biased towards· the more active flies. 
17. A reanalysis of Hawkes (1972a) data reveals a strong relation-
ship between the fitted slope and intercept, but with a steeper 
slope than a noise simulation. The difference is probably. caused by 
the simultaneous decrease in both slope and intercept in a discrete 
release, as the flies disperse away from the release point. 
18. The distance within which 95% of the population remain, was 
esti~ted at 150) m. using Hawkes (1975) equation, but a numerical 
integration suggests a value of 580 m. The relatively short disper-
sal range of cabbage root fly suggests that there are good prospects 
for the alternative methods of control. 
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APPENDIX ONE 
A general solution to the integral equations 
of Hawkes (1972a) used in the estimation of 
mean distance dispersed from the slope of 
density on distance. 
0> 
I1 =I y • 2-rx • dx 
I2 = l~ • y • 2'1fX • dx c 0 c a -bx 
where logey = a-bx or y = e • e 
=[ea 
c 
-bx 211'X • dx I1 • e . 
= I~a -bxc 2 I2 • e • 211'X • dx 
0 
let u = bxc gives 
I1 
21rea r (2/c) = cb2/c 
I2 
211'ea 
r(3/c) = 
cb3/c 
then I2 cb2/c r< 1-'c) -X: 
• 
-= 
cb3/c I1 
for c = 112 
r 2 1 r(6) 
--·-~-b2 r(4) 
-- b 
r(%) = 
1 5! 20 
= -;2·~= b2 
• 
f'(-%) 
f'(%) 
The values of r(x) for between 1.0 and 2.0 are 
available in standard tables (e.g. Siegel 1969). 
The value of any x outside this ran~e can be 
calculated from the expansion of {x)=(x-1)r(x-1). 
- 1 -
APP3:NDIX TWO 
A summary or the changes in the male organs 
with age. 
AGE = age rrom emergence (days) 
HW = head width (mm. X40) 
1'\i = thorax width (mm. X40) 
FATNO = number or pupal rat bodies 
W.EAND = mean diameter or pupal rat bodies ( ........ x40) 
.C = colour or testes (see Table 4J.) 
TESTL = testes length (mm. X40) 
TESTW = testes width (mm. X40) 
AGL = accessory gland length (mm. X40) 
AGW = accessory gland width (mm. X40) 
Ar;E HW TW FATNO MF:ANO c T38TL T£;STw Ar. L AGW 
0 0 32.0 ~7.0.1128.0 R.23 1 0 40.00 19.50 31.00 11.00 
0 0 37 0 40.0 1f;n2.0 1 1 13 1. 0 46.50 22.5n 30 on 1050 
n 0 36 0 4.1. 0 1204 0 10 4 7 1 0 44 50 1C! 00 36.50 1?.00 
('! 0 35.0 42.0 124?..0 9 M I . 0 37 50 19.00 2~50 10.00 
() n 30.0 35.0 11.04.0 7. A 3 l . 0 36 00 17 00 2A.50 R.OO 
0 0 35 0 40 0 lr)il6.0 10. 1 7 10 39.00 20.13('1 32.00 32.00 
() 0 35.n 4n 0 1093.0 9 11() 1 0 43.50 21.50 27. () 0 10.00 
0.0 35 0 41 0 965.0 0. 77 10 42 00 23.00 41 00 10.00 
0 0 36 0 42 0 1435.0 8.50 1 0 44.50 18.00 3300 9. 50 
1 0 35 0 42 0 1058 0 9.50 3 0 45 00 22.50 36.00 12.50 
1 0 34 (l 40.0 11Q2.0 8.73 3 0 44.50 21 . 50 30.00 13.50 
1 0 30 0 35.0 9(14 0 7. A 7 3.0 40 on 25 no 30.50 n.on 
l 0 34.0 39.0 995.0 8.53 1.0 50.00 19.50 35.00 11.00 
1 0 34 0 41.0 927.0 8.97 1 0 5 1 no 19.00 35.00 11_. 50 
1 0 29.0 35.0 1176.0 R.83 1 0 40.00 22.50 29.(10 10.50 
1 . 0 2B.n 34.0 1173.0 9.AO 1.0 36 50 22.50 35.('10 12.5 0 
1 0 24 0 ?.8.0 101\9.0 6.97 l 0 3850 12.00 29.50 u. no 
1.0 33 0 38 0 1123.0 1!.37 1 () 115.00 20.01) 36.50 12.50 
1 0 32.0 3Q.() 1.012.0 9.47 2 n 47.00 23.00 39 00 1o.no 
2 0 34 0 41 0 1061 0 A.67 4.0 113.00 21 50 29.50 l 2. 0 0 
2.0 35.0 42.n 095.0 10.60 4 0 41.00 22.00 33.00 13.00 
2 0 35.0 4?..0 984.0 1 1 50 4 0 41 50 17.50 33.00 10.00 
2 0 30.0 37 n 51.1.0 6 60 2 0 39.00 ]CL 00 32.00 10.50 
2 0 31.0 3~ 0 1\1\5 0 5. 1 7 5 0 4fi 50 1 8 00 37.50 11. no 
2 0 35 0 41.0 895.0 9.47 4.0 42.50 22. 50 110.00 11 . 50 
2 0 33 0 40 n 96?..0 9. 1 7 4 0 44 50 22.5(1 31 00 111.00 
2.0 33.0 40.0 82Cl 0 7 17 4 0 3~.00 20 00 32 on 12.00 
2.0 33 0 40.0 1n99 0 6.83 4 0 35.00 IlL 00 31 50 11.00 
2 0 33.0 40 0 789.0 7.47 4 0 46.50 19.00 31. on 10.00 
3.0 34.0 40.0 815 0 5. 4 3 1 0 38.00 17.50 28 50 11 . 0 0 
3.0 33.0 40 0 982.0 6.63 1 .0 42.00 1fi.OO 35.00 11. 00 
3 0 34.0 41 0 1115.0 7.83 1 0 50.00 22 00 3. 00 33.00 
3 0 34 0 39 0 ~71. 0 6.33 1 0 41 no 20.00 32.00 10.00 
3 0 33.0 39.0 1030.0 6.20 1 0 42.00 18 00 35 00 11 . 00 
3 0 31.0 38 0 620.0 7 60 3.0 3o.no 21. 50 32.00 10.00 
3.0 32 0 39 0 768.0 7 4 3 1.0 43 50 14.50 41.00 10.00 
3.0 32.0 38 0 661 0 6.90 10 42.50 19.50 33 00 11 . 0 0 
3.0 31.0 36.0 Ml5 .0 5 93 1 0 46.00 19.00 29.00 10.00 
4.0 32.0 39 0 823.0 7.23 4.0 31.50 18.00 30.00 12 00 
4.0 35 0 42.0 606.0 7.03 4.0 31 00 17.00 38.00 14.00 
4 0 35 0 41 . 0 l030Jl 7.93 5.n 42.50 18.50 99.90 99.90 
4 0 35.0 42 0 1056.0 7.00 4.0 42.00 19.00 35.50 10.50 
4 0 33 0 39.0 514 0 5. 4 3 4.0 45.00 18.00 30.00 11.00 
4 0 36 (l 42.0 760.0 6.73 5.0 35.50 Pl. 00 33.00 10.50 
4 0 33 0 39 0 1014.0 7.63 5.0 41. 50 16 00 32.00 12.00 
4 0 33.0 40.0 696.0 5.77 5.0 44.50 17.50 36.50 11.5 0 
4 .0 32.0 3~ 0 470 0 4.67 5. 0 40.50 15.50 33.00 R.50 
4 0 34 (1 4 I 0 913 0 6.73 5 0 42.00 14.00 35.00 11.00 
5 0 35 0 40.0 476.0 5.53 3.0 110.00 18.00 37. 50 J 1 . 50 
5 0 35 0 41 . 0 371 0 5 90 4.0 38.50 17.50 36.50 10.50 
5 .0 36 0 41 . 0 124 0 6.00 3.0 35.00 17.00 29.00 12.50 
5 0 311 0 39.0 221.0 5.23 3 0 38.50 20.50 34.00 12.50 
5.0 35.0 41.0 747 0 6.37 3.0 39.50 17 50 37.50 10.50 
5 0 32.0 37.0 fl14.0 6.33 2.0 43.50 17.00 39. 50 11. 00 
5.0 34 0 41.0 123.0 4 80 5.0 38.00 J.7.00 33.00 12.50 
- 1-
~.0 3:>.0 37 0 734.0 6.50 5.0 4 1 00 13.SO ~6 on l 3 50 
5 0 36.0 42.0 370 0 5 70 5.0 33 50 20 50 43.00 14 50 
5 0 33.n 37 0 3'l5.0 4.1)0 'i.O 4! 00 15 50 37 00 l .1 50 
6. n 33 0 40 0 7113.0 5.117 4.0 3~.00 lR.5n 311.5[1 1 1 .00 
6 () 3;> 0 3fl 0 5.0 11 .00 5.0 21l 50 !4.00 35 50 !:> on 
li () 33 n 4n 0 li7l.O 5 50 5.0 3tl on ! 4 50 32 00 1 ?. 50 
F. 0 3:> 0 39 0 211Q () 5.4n 4.0 "-0.00 111.00 2tl 5n ! 1 . 5 n 
~ () 2Q 0 35 0 1 f 1 0 4.0(1 4.n 115.00 1~ on 29 00 1n.50 
F .0 3~ n 43 0 403. 0 6.1:!7 5.0 ?.7 00 1R.'i0 31 50 12.50 
6.0 3'i n 40 0 11117 0 5 43 5.0 3R. 00 ?0.00 6 no 36.00 
6.0 34 0 40 0 50 0 4.00 4.0 30.00 1R.50 36 50 13. so 
.li 0 33 () ~R n 120..0 4.90 11.0 42.nO 16. no 3!. no 12.00 
7 0 311.0 40 0 2Pii 0 5.'i0 5 0 25. no 1R.50 37.50 17.00 
7 n :no 3R 0 222.0 4. l 0 4.0 110.00 111.5n 39. no l2.nO 
7.0 34 0 4n 0 ]FQ 0 4.07 5.0 37.00 p;. 50 37.50 11.50 
7 n 3 3 0 40 0 ?.7 () 3.63 11 .0 'iO.O() 15.1)0 33. s n 12.50 
7.0 33 0 411 0 4R9 0 li.liO 4 n 40.5n 16 50 33.00 12.50 
7 0 3fi 0 42.0 5.0 4.00 d 0 4n 00 1 5. 50 37.00 13.50 
7.0 34 n 4!.0 3.0 4.00 4.0 43 50 1 5 on 39.00 12.00 
7 n 33 0 31l 0 7?.R 0 5.27 4 n 3~ 00 1 7 50 40 no 15. no 
7 o 35 ('I 42 o 1! 9 0 4. I 0 4 0 31 r:;o !3.00 34.00 13.50 
7.n 34.0 41 n 7 0 4.00 4.0 36 on 13 on 37 50 12.00 
R 0 311 0 39 0 131;.0 11.96 4 0 43.00 1 5. 00 33.00 11 . 50 
A.O 32 0 3R 0 20.0 4.00 4.0 42 50 13.00 33.50 11.00 
R.O 32.0 37.0 33 0 5.! 0 5.0 34 50 12 50 32 50 10 00 
R 0 32.0 37.0 0.0 4 .00 4 0 35.00 1'i.OO 32.50 l 0. 50 
A.O 30 () 31i (1 0 0 4 .00 4.0 37.50 12 'iO 31.00 14.00 
q 0 3F n 41 0 li51.0 6.87 4 n 27.50 tR.OO 32.00 13.50 
f!.O 3" 0 42 0 2 31 . 0 513 4.0 34.50 17.00 39.00 13.00 
B.O 33 n 40.0 118.0 5.20 ll.n 44.00 1 4 50 32.50 13.00 
8.0 33.0 40.0 145.0 4.70 4.0 29.50 15.50 41.00 11 . no 
A.O 33.0 40 0 66.0 4. 1 5 4.0 34.50 12.00 33.00 12.50 
R.O 32.0 39.0 10 0 4.00 4 0 30.50 13.50 33.50 10.51) 
R n 33.0 41 0 3 0 11.00 5.0 38.50 16.00 36.50 12 no 
9 0 35.0 42.0 1 5 0 4 00 2.0 30.50 13.~0 30.~0 12.50 
9.0 34.0 39 0 0.0 4.00 4.0 3R.00 111.00 41.00 12.00 
q 0 34.0 4 l . 0 16 ('I 4.00 4.0 32.50 15.00 311.50 11.50 
9 0 3~ () 40 0 394 0 'i. 70 4 0 4 2. 50 1.11 no 4 3. 50 12.1\0 
9 0 35 0 41 0 30A 0 5.97 5.0 34 50 111.00 31 . 50 11 . ~ 0 
9.0 37 0 43.0 173 o 4.5'i 5.0 33 50 14.50 39.00 14.00 
9.0 35 0 42.0 R3.0 5 10 4 0 110.00 14 00 45.00 12.00 
9 () 34 [I 40.0 76.0 4.60 4.0 32.50 15.00 32.50 1 3. 00 
9 0 34.(1 40.0 249.0 5 20 5.0 33.50 11.50 30.00 1(1.(1(1 
o.o 35 0 42 0 267 0 6.05 4.0 41 00 15.00 33.00 tl 50 
10 33 0 39 0 0.0 4.00 4.0 33.00 13. 50 31 50 11.00 
10. 33 0 110 0 12.0 4.00 5.0 41.00 13.00 32. 50 9 50 
10 31.0 3!i 0 6 0 4.00 4.0 30. ~0 15.00 27.00 13.00 
1 0 29.0 33 0 3 0 11 (1(1 5.0 36.00 !2 50 3 2 0 '1 10.00 
10. 32.0 3R 0 14.0 4 00 5.0 42.50 12. 5 n 31i.OO 10.00 
10 29.0 34 0 0.0 11 00 5.0 36.50 12 . 50 36.00 10.00 
10 35 0 41 0 0 n 4 (10 4 0 3R.50 12.00 3R 50 13.00 
10 34 (1 110 0 279 0 4.73 4.0 37.50 13. 0 0 1111.00 12.00 
10 31 . 0 37 0 0 0 4 00 5.0 34.00 12.50 31.50 13.00 
10 32.0 37 0 0.0 
. 
4.00 5.0 36.00 13 00 39.00 12.50 
3.0 33.0 39.0 879.0 7.53 4.0 39.50 14.00 30.50 11.00 
6.0 36.0 42.0 18.0 4.00 5.0 48.00 15.00 32.00 1 o. 00 
-2.-
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APPENDIX THREE 
A summary of the changes in the female organs 
with age. 
AGE = age from emergence (days) 
HEAD = head wi~th {mm. X40) 
'l'HORAX = thorax width (mm. X40) 
FATNO = number of pupal fat bodies 
MEAND = mean diameter of the pupal fat bodies (mm. X40) 
OVARY = ovary stage (see Fig. 1) 
A r, F. HEAO THORAX FAHIO ME A ~J[l OVARY 
o.o 39 I) 1\5.0 1!155.0 12.40 1 o 
0.0 38.0 42 (1 14?.7.0 1 0. 53 1 0 
o n 3?. 0 37.0 1208.(1 10-4 3 1.0 
o.o 3~.0 3!1.0 1113.0 8 87 1 0 
0 0 3?. n 45 o 13PR 0 Il PO 2.0 
0 0 34 0 40.0 770 0 9.40 l.O 
a 0 37.0 42 0 730.(1 9.63 1. o 
r..o 35.(\ 41 . 0 1102.0 9.30 1. 0 
0 0 40.0 47.0 1345.0 9 9 3 1.0 
0 0 37 0 4 3. 0 1338.0 11.60 l 0 
1. n 26.0 32.0 1393.0 10.53 1.0 
1 . 0 37 0 42.0 1495.0 11 . 2 o 1.0 
1 . o 35.0 42.0 1615R 0 9 30 I . 0 
1 0 37.0 43 0 112?..0 10.50 2.0 
1 0 34 0 41.0 1312.0 9 47 2.0 
1 0 32 0 38 0 1140.0 8.73 J • 0 
1.0 34.0 42.0 1.176 0 10 IO 2.0 
I 0 31i 0 45.0 1425.0 I ! 03 2.0 
l.O 33.0 40.0 1541.0 1 o. 1 3 2.0 
2 0 32 0 40.0 9 51. 0 7.63 2.0 
2.0 37.0 44 0 98fi.O 9. 77 3.0 
2.0 32.0 38.0 9R5.0 6.110 3.0 
2.0 30.0 3R o 902 0 5.40 2 0 
2 0 2R 0 33 0 11711 0 5.20 2.0 
?. 0 29 0 35 0 757.0 9 27 2 0 
2.(1 35 o 11 1 I) !371.0 9.00 3.0 
2.0 36 n 42.0 1274.0 9 80 3 0 
2 0 33 o 40.0 1061 0 8. 7 3 2.0 
2 0 33.0 40 0 823.0 6. I 0 3.0 
3 0 38 0 44 0 1115.0 8 4 3 4.0 
3 0 35 0 40.0 f\57.0 8.13 3 I") 
3.0 34.0 39 0 1078.0 9.03 3.0 
3.0 31.0 37 0 902 0 7.40 2.0 
3 0 37 0 44.0 763.0 9.57 5.0 
3 0 36.0 42.0 4Qf' 0 ?..23 5.0 
3 0 34.0 40.0 1007.0 7.53 3.0 
3 0 3fi.O 43.0 1126.0 9-17 3.0 
3 0 34.0 40.0 926.0 8.43 3.0 
3 0 36 0 4I 0 974.0 9. 0 3 3 0 
4 0 33 0 40.0 305.0 7.20 5.0 
4.0 34 () 4 I 0 Ifl6l.O I) . 1 0 5.0 
4.0 37.0 44 0 IOifi.O F. 6 7 5.0 
4.0 35 0 44.0 4R2.0 5.97 5.0 
4.0 35.0 42.0 55?..0 5.77 5.0 
4 (l 30.0 37.0 603.0 5 67 3.0 
4 0 29 0 315.0 687.0 6.00 3.0 
4 (1 35 (1 43.0 700.0 8.47 4.0 
d 0 33 0 40.0 1094 o 7.07 3.0 
4.0 33 0 40 0 101510 ILl 7 5.0 
5.0 36 0 44 0 815R.O 6. 50 3.0 
5.0 38 0 47.0 7010 7. 9 3 7.0 
c:.o 34 0 41.0 298 0 li.83 4.0 
5.0 35.0 42 0 125 0 9 40 5.0 
5 0 35.0 43.0 510 (l 5.62 fi.O 
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5 0 35.0 4?.0 471i.f' 8 37 5.0 
5 0 32.0 39.0 0.0 4.00 3.0 
5 .0 2P 0 35 0 97 0 4 95 7.0 
5 0 36 0 42 0 41.0.0 7.23 li.O 
5 0 34.0 4 1 0 555.0 6 1 3 6.0 
6 0 35 0 42.0 524.0 Fi 27 A 0 
fi 0 3'5 0 42.0 1.72 0 l:i.OO 7.0 
li.fl 35 0 41'.0 43?.0 5 l 7 5.0 
6 0 34 n 40.0 237.0 5. 4 3 ·7.0 
6.0 35 0 42.0 29.0 4.00 A n. 
~ 0 38 0 44.0 437.!1 5.0'1 6.0 
6.0 36.0 45.0 542.0 5 fi7 fi.(\ 
li.O 37.0 44.0 . 71 . 0 4 90 li.O 
li 0 30.0 37.0 () 0 4 00 6.0 
15.0 34.0 40 0 283.0 5 .. 30 li.O 
7 0 34 0 40 0 o.n 4 00 6.0 
7 n 35.0 42 0 0.0 4.00 7.0 
7.0 35.0 42 0 li4.0 4.00 5.0 
7.0 37 0 44.0 304.0 5 A 7 6.0 
7 0 32.0 37.0 0.0 4.()0 6.0 
7.0 36.0 44.0 385.0 5 1 0 li.O 
7 0 34.0 40.0 14A. 0 4.95 6.0 
7.0 32 0 40 0 38.0 4.00 8.0 
7.0 32.0 39 0 50.0 4 40 5.0 
7.0 32.0 39.0 4.0 4.00 7.0 
R I) 40.() 35.0 40.0 4.00 7.0 
8.0 45.0 37.0 45.0 4.00 7.0 
R.O 43- 0 31i 0 450.0 4.00 ~.0 
R.O 42.0 37.0 513.0 5.63 6.0 
~-0 40 0 33.0 5.0 4.0() 7.0 
?..0 41 . 0 35 0 133 0 4.55 5.0 
A.O 39 0 33 0 2.0 4.00 7.0 
8.0 36.0 31.0 ]] . 0 4 00 6.0 
p 0 39 0 32 0 2.0 4.00 fi.O 
A 0 3?..0 32.0 0.0 4 00 6.0 
R 0 33 0 27 0 0 0 4.00 li.O 
9 .n 35 0 4 3. 0 140.0 4 00 fi 0 
q 0 34.0 41 0 479.0 5 . !:i7 li.O 
9 .0 35 0 43.0 6 0 4 on 8.0 
9 0 34.0 40.0 0.0 4.00 8.0 
9 0 35.0 41.0 0.0 4 00 R.O 
9 0 35 0 41.0 14 0 4 no 5.0 
9.0 35.0 41.0 3R.O 4.00 7.0 
9.0 36 0 43.0 76.0 4. 50 7.0 
9.0 37 0 44 0 3Q2.0 4 70 li.O 
10.0 34.0 40.0 22.0 4 00 li.n 
10.0 34.0 40.0 74.0 4.30 7.0 
10.0 3f 0 43.0 80.0 4 90 8.0 
10.0 33 0 40.0 0.0 4 on 7.0 
10 0 35 0 42 0 21.0 4.00 ~ 0 
10 0 33 0 38.0 0.0 4.00 6 0 
10.0 29.0 34 0 0.0 4 00 6.0 
10.0 34.0 40 0 301 . 0 5 37 7.0 
10.0 33 0 40.0 0.0 4.00 6.0 
10 0 32 0 3(LO 2.0 4.00 7.0 
10.0 33 0 39.0 li 0 4 00 R.O 
10 0 33.0 39.0 0.0 4 00 8.0 
ID 0 33.0 39.0 0.0 4.00 li.O 
10.0 33.0 40.0 57.0 4 00 A.O 
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APPENDIX FOUR 
A summary or the changes in the male organs 
or rlies rrom the Wellesbourne culture,used 
to veriry the male aging technique developed 
rrom the measurements rrom Plymouth flies. 
AGE = age from emergence (days) 
HW = head width (mm X40) 
TW = thorax width (mm X4o) 
FATNO = number of pupal fat bodies 
MEAND = mean diameter of pupal dodies (mm X4o) 
C = testes colour (Table 4b) 
TESTL = testes length· ( mm X4o) 
TESTW = testes width ( mm X4o) 
---------- - - -
. ' ·:: ,_._.,, .. ~ . .,. 
AGE H ~I nr FATIIO ME Ml!' c TESTL TE~nJ 
0 3A 45 C)29 12 53 1 48.0 31 . 5 
0 3A 45 16110 10.97 1 50.0 23.5 
n 311 45 13?0 l 0 4 1 4P. 5 ?2. n. ,, 
0 4? 48 1113 1 J. 23 1 52 5 26.5 
0 38 45 11()0 l l 03 1 47.0 20.5 
0 3R 4fi l l R 5 10. 70 4P.O 25 0 
0 3~ 43 10PO 10.77 1 50.0 21 5 
0 35 41 712 1 1 30 1 * * 
0 35 43 922 10. 7 7 1 51 0 26 0 
1 37 4fi 1223 1 n. 57 2 38.5 10.5 
1 35 4tt 1124 p J:l3 2 40.5 20.0 
1 35 42 142'i 9.AO 4 47 0 22.0 
1 35 42 1. 25() A P7 4 42.5 20.0 
1 34 42 fill5 10.fi() 4 4P 0 18. 5 
1 37 44 1357 0. 1 0 2 34.5 2C 5 
I 34 43 10C!A 8 43 2 35 0 20.5 
33 39 745 8.20 4 43.5 19. 5 
l 35 41 1015 P. B 3 2 40 0 19.0 
2 36 43 776 7.57 5 3fi 0 23.0 
2 33 4 1 fi7f}, P.7r:l 5 42. 5 22 0 
2 36 43 1047 p 73 5 43 0 23.0 
2 37 45 497 1 1. 1 7 5 34 0 20.0 
2 35 43 794 10.30 4 4P 5 19.0 
2 31 * 537 B.PO 5 37 0 17.0 
2 36 * R3fi 7.20 5 42 5 23.0 
3 35 41 P47 6.P7 5 41 5 16,0 
3 35 42 11 4 3 7.73 5 3 7. 5 19. 5 
3 39 47 6R5 9 93 5 50.0 20.0 
3 35 41 OJ.7 R l 7 5 47.5 lA (1 
3 36 43 695 6 . I 0 5 4P 0 17.0 
3 37 46 6615 7 fi3 5 33 0 1 7 . t; 
3 35 42 Afi2 A 27 5 26 5 lA 5 
3 33 40 617 6 60 5 43 5 1A.5 
3 34 41 58 3 6. J 7 5 46 0 19.0 
3 37 * 70 3 A.OO 5 3" 0 13. 5 4 35 * 795 7.07 5 44 0 16. 5 4 39 * R33 7 fi~ 5 3<1 5 1 B 5 
5 37 * 500 fi 27 5 :n o lli. 0 
5 36 * 315 5 77 5 39.5 1". 5 
5 35 * 1 13 5 65 5 44 5 1A.5 
5 36 * 7 4.00 5 43 0 1fi.O 
5 37 * 241 5.39 5 50 0 17 0 6 3P 45 295 4 P7 5 46.0 15.0 
fi 37 45 35 4 00 5 47 5 15.0 
fi 37 * I 7 4 00 5 50.0 15.0 
6 38 * () 4 00 5 52 0 15.0 
6 31 * SP 6 A 1 3 5 43 0 14.0 
6 36 * 36fi 5 35 5 44 5 1 5 0 
fi 36 * 269 5. 80 5 40.0 15. 0 
6 3'i * 29 7 5 35 5 43 0 I 4 0 
fi 37 * 5 4 00 5 45 0 15. 5 
fi 34 * 0 4.00 5 315 0 10.0 
7 37 44 20 4 00 5 39.0 19 0 
7 36 43 4 4 on 5 28 5 14.0 
-I-
7 35 * 0 4.00 5 1!8 0 13.(1 
7 3fi * 1R3 5. 73 5 45 0 17.0 
7 34 * 0 4 00 5 42.5 l 7 0 
7 3'i * 10 4 00 5 4-3.0 21 0 0 
7 37 * 323 5 55 5 45 5 15 lj 
7 3n * 3 4 00 5 41 0 15.0 
7 34 * ("\ 4 00 , 44 5 14.5 
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APPENDIX FIVE 
A summary of the changes in age with time for 
male flies at a series of temperatures. 
M1 = male age-group 1 
M2 = male age-group 2 
M3 = male age-group 3 
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APPENDIX SIX 
A summary of the change in female age with time 
at a series of temperatures. 
F1 = female age-group 1 
etc. 
AGE-GROUP 
TIME MEAN F1 F2 F3 F4 F5 F6 
(DAYS) AGE 
10 0 DEI1 C (A) 
0 0 2. 00() 10 0 0 0 () () 
3 () 2 1 F17 10 2 0 0 0 0 
6 0 3 . 200 4 12 4 0 0 n 
9 0 3 625 ? 7 15 0 0 0 
12 . 0 5 12 5 0 0 6 1 1 0 
15 0 5 16 7 0 0 2 3 l 0 
18 0 5 533 n 0 0 6 8 0 
21 0 6 R 7 5 0 0 0 0 1 7 
10 0 DEG C ( B ) 
0.0 2 . 000 10 0 0 0 0 0 
3 . 0 2 100 lR 2 0 0 0 0 
6 . 0 3 111 5 11 2 0 0 0 
9 . 0 3 . 333 4 4 4 () 0 0 
12 . 0 5 111 0 1 6 1 1 0 
15 0 6 . 625 0 0 0 1 2 5 
PL 0 6 692 0 0 0 0 4 9 
21 0 6 800 0 0 0 0 1 4 
10 0 DEG C ( c ) 
0 0 2 . 000 10 0 0 0 0 0 
2 . 0 2 00(1 1 5 0 0 () 0 0 
4 . 0 2 316 13 6 0 0 0 0 
6 0 3 200 4 12 4 0 0 0 
10 0 4 . 000 0 0 4 0 0 0 
12 0 5 . 12 5 0 0 6 1 1 0 
14 . 0 5 333 0 0 5 2 4 0 
115 0 5 467 0 0 7 1 7 0 
18 0 6 714 0 0 0 0 2 5 
20 0 6 833 0 0 0 0 1 5 
12 5 DEG C (A) 
0 0 2 000 10 0 0 0 0 0 
3 . 0 3 . 167 7 9 2 0 n 0 
6 . 0 3 . 737 0 5 14 0 0 0 
9 0 4 125 0 1 13 2 0 0 
12 0 5 100 0 0 5 4 1 0 
15 0 5 . 4fl7 0 0 4 4 7 0 
18 0 6 706 0 0 0 0 5 12 
21 0 6 . 875 0 0 0 0 1 7 
12 5 DEG C ( B ) 
0 0 2 .000 10 0 0 0 0 0 
3 0 2 500 9 9 0 0 0 0 
6 0 3 . 600 0 2 3 0 0 0 
9 . 0 4 278 0 1 12 5 0 0 
12 0 5 409 0 0 7 6 9 0 
15 0 6 . 333 0 0 1 1 8 4 
18 . 0 6 . 706 0 0 0 0 5 12 
21 0 6 944 0 0 0 0 l 17 
_,_ 
12.5 DEG C (C) 
0 0 2 . 000 1 0 0 0 0 0 0 
3 0 2.500 9 9 0 0 0 0 
6 . 0 3 727 1 2 8 0 0 0 
9 . 0 5 333 0 1 3 2 3 0 
12 0 5 917 0 0 1 0 11 0 
15 0 6 200 0 0 1 1 6 2 
18 0 6 . 250 0 0 0 0 3 1 
21 0 6 . A75 0 0 0 0 1 7 
15 0 DEG C (A) 
0 0 2 000 10 0 0 0 0 0 
2 . 0 2 . 409 13 9 0 0 0 0 
4 0 3 500 0 5 5 0 0 0 
6 0 4 . 143 0 4 8 2 0 0 
8 . 0 5 200 0 0 4 4 2 0 
10 0 f; 133 0 0 0 2 9 5 
12 0 6 563 0 0 0 0 5 9 
15 0 DEG C (8) 
0 0 2 . 000 10 0 0 0 0 0 
2 . 0 2 409 13 9 0 0 0 0 
4 0 3 500 0 3 3 0 0 0 
6 0 5 . 071 0 1 9 3 l 0 
8 0 5 333 0 0 4 4 4 0 
10 . 0 6 . 400 0 0 0 0 6 4 
12 0 6 800 0 0 0 0 2 8 
15 . 0 DEG C (C) 
0 . 0 2.000 10 0 0 0 0 0 
2 . 0 2.077 12 1 0 0 0 0 
4 0 3.533 2 5 8 0 0 0 
6 0 5. 167 0 3 11 1 3 0 
8 0 5 800 0 0 0 2 8 0 
10 0 6 083 0 0 0 1 11 1 
12 0 6 . 571 0 0 0 0 6 8 
17 . 5 OEG C (A) 
0 . 0 2.000 10 0 0 0 0 0 
1 0 2.059 17 1 0 0 0 0 
2 0 2 16 7 15 3 0 0 0 0 
3 . 0 3.200 6 6 3 0 0 0 
4 0 3 . 500 0 1 1 1 1 0 0 0 
5 . 0 5 385 0 1 6 1 5 0 
6 0 5 . 333 0 0 q 1 5 0 
7 0 6 083 0 0 2 3 6 1 
8 0 6 385 0 0 0 0 16 10 
-2-
17 5 DEG C ( B ) 
0 . 0 2 . 000 10 0 0 0 0 0 
1 (1 2 . 000 14 4 0 0 0 0 
2 . 0 2 154 22 13 6 0 0 0 
3 . 0 3 261 4 3 7 0 0 0 
4 0 3 700 0 0 6 2 5 0 
5 0 5 . 385 0 0 9 1 5 0 
6 0 5 . 333 0 0 4 1 14 3 
7 . 0 6 . 136 0 0 0 0 6 5 
8 0 6 . 455 0 0 0 0 0 0 
17 5 OEG C ( c ) 
0 . 0 2 000 1 0 0 0 0 0 0 
1 0 2 . 000 17 0 0 0 0 0 
2 . 0 2. 14 3 12 2 0 0 0 0 
3 0 3 12 5 4 10 2 0 0 0 
4 . 0 3 . 375 0 5 3 0 0 0 
5 0 5 3R5 0 0 6 2 5 0 
6 0 5 . 333 0 0 9 1 5 0 
7 0 6 . 333 0 0 1 1 6 4 
8 0 6.571 0 0 0 0 3 4 
20 0 DEG C (A) 
0 . 0 2.000 J 7 0 0 0 0 (l 
1 . 0 3 . 077 13 9 1 0 0 0 
2 . 0 3 . 700 0 !i 14 0 0 0 
3 0 5 . 136 0 0 11 A 3 0 
4 . 0 6 . lA~ 0 0 0 1 12 3 
5 . 0 6 700 0 0 0 0 3 7 
6 . 0 6 . 500 0 0 0 0 2 2 
7 . 0 7 000 (1 0 0 0 0 5 
8 0 7 000 0 0 0 0 0 4 
20 0 DEG C ( B ) 
0 () 2 . 000 10 0 0 0 0 0 
1 0 2 . 294 12 5 0 0 0 0 
2 . 0 3.571 2 4 8 0 0 0 
3 0 5 . 063 0 2 13 0 1 0 
4 . 0 5.526 0 0 5 4 10 0 
5 . 0 6 . 0 56 0 0 0 0 17 1 
6 . 0 6 . 118 0 0 0 0 17 2 
7.0 6 . 391 0 0 0 0 14 9 
8 . 0 6 . 538 0 0 0 0 6 7 
9 . 0 7 . 0t10 0 0 0 0 0 13 
10 0 7 . 000 0 0 0 0 0 11 
20 . 0 DEG C ( c ) 
0 . 0 2 . 000 10 0 0 0 0 0 
1 0 2.467 A 7 0 0 0 0 
2 . 0 3 . 571 2 4 8 (l 0 0 
3 . 0 4 . 111 0 1 7 1 0 0 
4 . 0 ~ . 136 0 0 11 A 3 0 
5 0 5.444 0 0 2 1 2 4 
6 0 6 105 0 0 0 0 17 2 
7 . 0 ~ 800 0 0 0 0 1 5 
8 . 0 7 000 0 0 0 0 0 13 
Q.O 7 0()0 0 0 0 0 n 6 
- ~ -
25 0 DEG C ( A l 
0 . 0 2 . 000 10 0 0 0 0 0 
1 . 0 3 360 5 11 9 0 0 0 
2 0 4 . 154 0 3 8 2 0 0 
3 0 6 . 250 0 0 1 0 3 1 
4 . 0 6 3 13 0 0 1 0 16 5 
5 0 6 5 38 0 0 0 0 6 7 
6 0 6 . 571 0 0 0 0 3 4 
7 0 6 53A 0 0 0 0 6 7 
25 0 OEG C ( B ) 
0 . 0 2 . 000 10 0 0 0 0 0 
1 0 3 . 222 2 5 2 0 0 0 
2 . 0 3 . 667 0 2 4 0 0 0 
3 . 0 6 . 150 0 3 9 J 6 1 
4 . 0 6 200 0 0 1 1 ] 2 
5 0 6 . 53A 0 0 0 0 6 7 
6 0 6 A50 0 0 0 0 3 ] 7 
7 0 6 800 () 0 0 0 2 8 
2'> . 0 DEG C ( c l 
0 0 2.000 ] 0 0 0 0 0 0 
1 0 3 0 56 fi 11 1 0 0 0 
2 0 3 . 2A6 3 7 4 0 0 0 
3 . 0 5 143 0 1 4 1 1 0 
4 0 5 . 400 0 0 1 1 1 2 
5 . 0 6 . 800 0 0 1 0 1 8 
6 . 0 6 . A82 0 0 0 0 2 15 
7 . 0 7 . 0()0 0 0 0 0 0 4 
8 . 0 7 . 000 0 0 0 0 0 7 
30 . 0 DEG C (A) 
0 . 0 2 . 000 10 0 0 0 0 0 
1 0 3 36 3 3 4 4 0 0 0 
2 0 3 . 400 0 6 4 '0 0 0 
3 . 0 5 333 0 2 5 1 4 0 
4 0 6 . 300 0 0 4 0 3 3 
5 . 0 7 . 000 0 0 0 0 0 13 
6 . 0 7 000 0 0 0 0 0 5 
7 . 0 7 . 000 0 0 0 0 0 6 
30 0 DEG C ( B l 
0 0 2.000 10 0 0 0 0 0 
1 0 2.42Q 4 3 0 0 0 0 
2 0 4 000 0 0 3 0 0 0 
3 . 0 5 . 333 0 1 2 1 2 0 
4 0 6 . 667 0 0 0 0 2 4 
5 0 6 . 900 0 0 0 0 1 9 
6 0 7 000 0 0 0 0 0 2 
7 0 7 . 000 0 0 0 0 0 4 
Ill .e.. 
APPENDIX SEVEN 
A summary of the number of flies caught at the 
different sample sites. 
TIME = sample time (weeks) 
DIST = distance from the emergence site (m) 
F1+3 = female age-groups 1-3 
F5 = female age-group 5 
F6 = female age-group 6 
FT = f'emale total 
M1 = male age-group 1 
M2 = male age-group 2 
.MJ = male age-group 3 
MT = male total 
Mis,::.'"-9 va.L....tes 0.~ 
..9i "" ..... Oo.S qq•t_o 
VEN N 19 ~08 
TIME DIST FJ +3 F5 F6 FT Ml M2 M3 MT 
10 0 o.o 9 . 0 34.0 21.0 64 . 0 10 . 0 20.0 4 . 0 34.0 
10 . 0 20 0 7 . 0 9 . 0 6.0 22 0 7.0 9 0 1.0 17.0 
10 0 40 0 3 . 0 10 . 0 6.0 19 . 0 5 . 3 12 . 7 1.1 19.0 
10 . 0 60 0 16 . 0 18 . 0 10 . 0 44 . 0 29 . 0 35.0 10.0 74.0 
10 0 80 0 Q. O 15.0 10.0 34 . 0 19 . 0 45.0 4.0 68 . 0 
10 0 100 . 0 3.0 29 . 0 5.0 37.0 25.0 35 . 0 18 0 78 . 0 
10 . 0 120 . 0 0 . 0 17 . 0 49 . 0 66 . 0 91 . 3 199 . 7 0.0 291 . 0 
10 0 140 . 0 12 . 0 50.0 6 . 0 68 . 0 40.0 35.0 4 . 0 80. 0 
10 0 160 . 0 1.0 48 . 0 19.0 68 0 1.8 11 . 1 11. 1 24 . 0 
10 . 0 180 . 0 9 . 0 28 . 0 2.0 3Q . O 999 . 0 999 0 999 . 0 98 . 0 
10 0 200 0 3 . 0 18 . 0 1.0 22 . 0 12.0 52.0 1. 0 65.0 
10 0 220 0 0 . 0 5.0 1 . 0 6 . 0 A. O 5.0 A.O 21.0 
10 . 0 230 0 4 0 4 . 0 1.0 9 0 4 . 0 4 . 0 0 . 0 8.0 
10 . 0 240 0 1 . 0 3 . 0 1.0 5.0 9 . n 7.0 3 . 0 19.0 
10 0 250.0 0 0 7 . 0 0.0 7 . 0 2.0 4 . 0 1.0 7.0 
10 0 260 . 0 1.0 2 . 0 1.0 4 . 0 3 0 R.O 3 . 0 14 . 0 
10 . 0 270 . 0 1.0 4 . 0 0.0 5.0 n.o 9 . 0 1.0 16.0 
10 . 0 280 0 999 0 9QQ 0 999 . 0 999 0 999.0 999 . 0 999 . 0 999 . 0 
10 . 0 290.0 1.0 5 . 0 0 . 0 6 . 0 6.0 9.0 1.0 16 . 0 
10 0 300 0 0 . 0 4.0 0 . 0 4 . 0 3 . 0 14.0 3 . 0 19 . 0 
10 . 0 310 0 0 . 0 1.0 0.0 1.0 0 . 0 8 . 0 0.0 8.0 
10 . 0 320 . 0 1.0 11 . 0 1 0 13.0 3.0 7 . 0 1.0 11.0 
10 0 330 . 0 1.0 1.0 0 . 0 2 . 0 2 . 0 4.0 0 . 0 6 . 0 
10 . 0 340.0 0 . 0 3 0 0.0 3.0 2 . 0 6 . 0 4.0 12.0 
10 . 0 350 . 0 0 . 0 2.0 0.0 2 . 0 1.0 10.0 0.0 11.0 
10 0 360.0 0 . 0 8.0 0.0 8 . 0 1 . 0 2.0 3.0 6.0 
10 0 370 . 0 0 . 0 5 . 0 1.0 6.0 999.0 999.0 999.0 9.0 
10 . 0 380 0 999 0 99Q.O 999 . 0 999 . 0 999 . 0 999.0 999 . 0 999.0 
10 0 390 0 0 . 0 4.0 1.0 5 . 0 1 . 0 3.0 2.0 6.0 
11 . 0 0 . 0 4 . 0 18 0 25 . 0 47 . 0 0 . 0 15 . 0 7 . 0 22.0 
11.0 20 . 0 4.0 9 . 0 20.0 33.0 15 0 9 . 0 6 . 0 30.0 
11 . 0 40 0 5 0 11 . 0 15 . 0 31.0 1.0 17 . 5 16 . 5 35.0 
11 . 0 fiO . O 2.2 10 8 27.0 40 . 0 9 .0 22.0 22.0 53 . 0 
11 . 0 AO 0 999.0 999 . 0 999 . 0 35 0 999.0 999.0 999 . 0 58.0 
11.0 100 . 0 4 . 0 22 . 0 39 . 0 65 . 0 8 . 0 39 . 0 26.0 73.0 
11 0 120 () 5 . 0 9 . 9 16. 1 31.0 5.4 112 . 6 118.0 236.0 
11.0 140 . 0 10 . 0 53.0 71.0 134 . 0 20 . 0 77.0 86 . 0 lA 3 . 0 
11 . 0 160 . 0 7.0 45 . 0 79.0 131.0 24.0 56 . 0 40 . 0 120.0 
11.0 180 . 0 9 . 0 46.0 53.0 108.0 4 3. 5 69 . 9 48 . 6 162.0 
11 0 200 . 0 • 1. 0 11.0 5.0 17 . 0 1 . 0 51.0 2A . O 80.0 
11 0 220 0 0 . 0 7 . 0 6 . 0 13 . 0 3. 1 10 . 5 9.4 23.0 
11.0 230.0 2 . 0 2.0 6 . 0 10 . 0 3.0 9.0 9 . 0 21.0 
11 . 0 240 . 0 0 . 0 5 . 0 2.0 7.0 2.0 18.0 7 . 0 27 .0 
11.0 250 0 999 . 0 999.0 999 . 0 999 . 0 999.0 999.0 999 . 0 999 . 0 
1 1 0 260 0 2 . 0 4.0 4 . 0 10 . 0 2 . 0 14.0 5.0 21.0 
11 0 270 0 0 0 3 . 0 7 . 0 10.0 0· 0 9.0 15 . 0 24.0 
11.0 2RO 0 0 0 5 . 0 5.0 10 0 5 . 2 12 4 13 . 4 31.0 
11 0 290 0 0 0 n 0 5.0 11.0 4 0 5 . 0 7 . 0 16. 0 
11 0 300 0 1.0 5 0 1 0 7 0 0.0 10 0 14 . 0 24.0 
- I-
11 0 310 . 0 0.0 1.0 0 . 0 1 . 0 2 . 0 5.0 R 0 15.0 
11 . 0 320.0 0 . 0 3 . 0 3 0 6 . 0 1.0 6.0 6.0 13.0 
11.0 330 0 0 . 0 1.0 3.0 4 . 0 0 0 5 . 0 10 . 0 15.0 
1 ] 0 340 0 0.0 4 . 0 3 . 0 7 . 0 0 . 0 14.0 7.0 21.0 
11 0 350 . 0 0 0 1.0 2 . 0 3.0 0.0 2.0 10 .0 12.0 
11 . 0 360 . 0 0 . 0 4 . 0 2 . 0 6 . 0 1.0 3 . 0 5.0 9.0 
1 1 0 370 . 0 0 . 0 15 . 0 5.0 11 . 0 0.0 7 . 0 8 0 15.0 
11.0 380 . 0 1.0 0.0 0 . 0 ].0 0.0 2.0 2.0 4 . 0 
11 0 390 0 0.0 4 . 0 1.0 5.0 0 . 0 1.0 4.0 5 . 0 
12 0 0 . 0 0 . 0 1.0 1 0 2.0 0.0 1 . 0 0.0 1.0 
12 0 20 . 0 3.0 21.0 14.0 38 . 0 4.0 215.0 7.0 37.0 
12.0 40.0 0 . 0 9.4 16.6 26.0 0 0 12.R 15.2 2A.O 
12 0 60 0 6 . 4 10.6 16 0 33 . 0 4 . 2 25.2 12.fi 42.0 
12 . 0 80 . 0 4 . 0 12 . 0 30.0 4fi . O 4 A 31.4 21.~ 5~ .0 
12 . 0 100 0 2 . 0 19 3 37 . 6 59 . 0 2. 2 31.4 40 . 4 74.0 
12 0 120 . 0 0 . 0 16.8 11.2 28 . 0 0 . 0 48.4 44.6 9 3. 0 
12 . 0 140.0 0.0 36 5 36 . 5 73 . 0 3. 7 47.0 43.3 94 . 0 
12 . 0 160 0 5 0 57.4 75.5 138.0 19.0 84 . 0 28 . 0 131.0 
12.0 180 . 0 7 . 0 41 . 0 93 . 0 141 . 0 25.? 68.6 16. 1 110.0 
12 .0 200.0 3.0 23 0 23 . 0 49.0 1A.O 57.0 20 . 0 95 . 0 
12 . 0 220 . 0 1.0 13.0 13 . 0 23.0 2 0 9.0 5 . 0 16.0 
12 . 0 230 . 0 2 . 0 5 . 0 11 . 0 18 . 0 2 . 0 11.0 f\ . 0 19 .0 
12.0 240 . 0 0 . 0 5 . 0 6 . 0 11.0 4 . 0 10.0 4.0 18 . 0 
12 . 0 250 . 0 3.0 3 . 0 18 . 0 24 . 0 8.0 11. 0 2 . 0 21.0 
12 . 0 260 0 0 . 0 4.0 8.0 12.0 5 . 0 14.0 5.0 24.0 
12.0 270 . 0 0 . 0 8 . 0 8.0 16 . 0 2.0 18 . 0 14 .0 34 . 0 
12 . 0 280 0 3.0 7 . 0 3.0 13 . 0 3 . 0 16.0 7.0 26.0 
12 0 290.0 0.0 5 . 0 11 . 0 16 . 0 4.0 25 . 0 3 .0 32.0 
12.0 300 0 999 . () 999 . 0 999 . 0 999.0 999 . 0 999 . 0 999.0 999 .0 
12 0 310 . 0 0 . 0 1 . 0 1 . 0 2.0 0.0 2.0 3.0 5.0 
12 0 320 . 0 2 . 0 5.0 5.0 12.0 1 . 0 15.0 6.0 22 .0 
12 0 330 0 1.0 1.0 3 . 0 5 . 0 0 . 0 2 . 0 9 . 0 11.0 
12 . 0 340 0 999 . 0 999.0 999 . 0 999.0 999.0 999.0 99q.o 999.0 
12 . 0 350 0 1.0 3.0 6 . 0 10.0 0.0 9.3 4 . 7 14.0 
12.0 360 . 0 0.0 2.0 1.0 3 . 0 0 . 0 0.0 0 .0 0.0 
12 0 370 . 0 0.0 1 . 0 3.0 4.0 1.0 5.0 4 . 0 10.0 
12 . 0 380.0 0 . 0 1.0 6.0 7.0 0.0 2 . 6 10 . 4 13.0 
12 0 390 . 0 1.0 9.0 4.0 14 . 0 0.0 3.0 3.0 6.0 
13 0 0 . 0 0.0 12 . 3 15 . 7 28 . 0 2 . 7 6 . 8 5. 5 15.0 
13.0 20 . 0 1.0 7 . 3 19 . 7 28 . 0 2.3 9.0 14.7 26.0 
13 . 0 40 . 0 0 . 0 5 . 9 14. 1 20.0 0.0 11. 5 13.5 25.0 
13 0 60 . 0 1 . 1 12 . 0 37.0 50 . 0 1.3 19.6 26. 1 47.0 
13.0 80 0 0 . 0 11. 3 23 . 7 35.0 0.0 20.6 43.4 64.0 
13 0 100 . 0 3.2 17 . 1 26 . 7 47.0 2.4 26.3 26 . 3 55 . 0 
13 . 0 120 0 2.8 9 . 8 15 . 4 28 0 5. 1 4q ,6 34 . 2 89.0 
13 . 0 140 0 1.1 22.4 38 . 5 62 . 0 5.7 30 . 5 22 . 8 59.0 
13.0 160 0 1 . 0 24 0 96.0 121.0 1.0 30 . 8 45.2 77 . 0 
13 . 0 180 0 0 0 21.3 40.7 62.0 6.0 12 . 0 17 0 35.0 
13.0 200 0 1 . 0 20 . 0 26.0 47 . 0 0 . 0 9.5 26.5 36.0 
13 . 0 220 . 0 1.0 3 . 0 7.0 11.0 0.0 5.0 5 . 0 10.0 
- ~-
13 0 230 . 0 1.0 15.0 17.0 33 . 0 1.0 14.0 15 . 0 30. 0 
13.0 240 0 2 . 1 5.2 25.A 33.0 0.0 13.7 6 . 3 20. 0 
13 0 250 . 0 2. 1 6.2 21 7 30.0 0.0 9 . 0 13 . 0 22 . 0 
13 . 0 2fi0 0 1.0 6 . 0 7.0 14.0 1 0 15.0 fl.O 24.0 
13 0 270 0 0 . 0 5 0 19.0 24 . 0 0.0 12 . 6 R.4 21. 0 
13 . 0 2AO . O 0.0 2 . 0 11 . 0 13 . 0 0.0 fi . 4 9 . 6 1fi. 0 
13 0 290 . 0 1.0 1.0 6.0 8.0 1 1 9 . 1 5 . 7 16.0 
13 . 0 300 . 0 0 . 0 4.0 8.0 12.0 1 . l 7.4 Q .5 18 .0 
13 . 0 310 . 0 1.0 3 . 0 9 . 0 13 . 0 1.1 7 . 4 A. 5 17.0 
13 . 0 320 . 0 0 0 2.0 7.0 9 . 0 1 . 0 10 . 4 15.6 27.0 
13 0 330 . 0 0 . 0 2 . 0 1.0 3 . 0 0 . 0 5.0 5.0 10.0 
13 . 0 340 . 0 1.0 3.0 0 . 0 4.0 1 0 6 . 0 5 . 0 12.0 
13 0 350 . 0 0.0 3 . 0 4.0 7.0 1.5 5.8 8.7 16.0 
13 . 0 360 . 0 l. O 5.0 9 . 0 15.0 2 0 16 . 0 8 . 0 26.0 
13 . 0 370 . 0 1.0 2 . 0 9.0 12 . 0 0.0 4 . 3 10.7 15.0 
13.0 3AO 0 0 . 0 4.0 5 . 0 9.0 1.5 3 . 0 7.5 12.0 
13 . 0 390 0 999 . 0 999 . 0 999.0 999 . 0 999.0 999 . 0 999.0 999.0 
14 . 0 0 . 0 0 . 0 5 . 0 9 . 0 14.0 11.0 70.0 31 .0 112.0 
14 . 0 20 0 0 . 0 4.3 21.7 26 . 0 0 0 1 . 6 9.4 11.0 
14 . 0 40 0 0 . 0 2 . 3 4 . 7 7.0 0 . 0 1.3 fl . 8 10.0 
14 0 60 . 0 0 . 0 3.0 17 0 20 . 0 0.0 3 . 6 28.4 32.0 
14 0 80 0 0.0 2 . 4 14 . 6 17 . 0 0.0 7 . A 23.3 31.0 
14 0 100 . 0 0 . 0 1 . 0 13.0 14.0 0.0 4.4 32.6 37.0 
14 . 0 120.0 0 . 0 3 . 4 13.6 17.0 0 . 0 35.0 42.0 77.0 
14 0 140 0 0 . 0 20.2 25.8 46.0 0 0 14 . 1 35.9 50.0 
14 0 160 . 0 1 . 0 24.6 50 3 76 . 0 0.0 11 1 20.9 32.0 
14 0 1fl0 . 0 0.0 13.4 24 6 38 . 0 1.2 5.8 22 . 0 29 . 0 
14 0 200 0 0 0 7 . 3 17.7 25 . 0 0.0 7.3 15 . 7 23.0 
14.0 220 0 0.0 5 . 0 19.0 24.0 0.0 3. 1 19.9 23.0 
14.0 230 . 0 0 . 0 8 . 0 16 . 0 24 . 0 0.0 2.3 14 . 7 17 . 0 
14 0 240.0 0.0 1.1 12.9 14.0 0.0 2.9 20. 1 23.0 
14 . 0 250 . 0 0 . 0 8 . 3 24 . 8 33.0 0 . 0 4.2 19.8 24.0 
14 0 260 . 0 0 . 0 6 . 3 15 . 7 22 . 0 0.0 10. 1 17.9 28.0 
14 0 270 . 0 0.0 5.0 5.0 10 . 0 0 . 0 2 . 2 20.8 23.0 
14 . 0 280 . 0 0.0 2. 0 7 . 0 9 . 0 0.0 0.0 1 . 0 1.0 
14 0 290 0 0 . 0 0.0 11.0 11.0 0 . 0 0 . 0 10.0 10.n 
14 . 0 300 . 0 0 . 0 3 . 0 13.0 16 . 0 0.0 3.4 19.5 23.0 
14 . 0 310 . 0 0 . 0 5 . 0 14 0 19 . 0 0 0 4.3 20.7 25.0 
14 0 320 0 0 . 0 2 . 0 18.0 20 . 0 0 . 0 1 . 9 33 . 1 35.0 
14 . 0 330 . 0 0.0 . 7 . 0 5 . 0 12 . 0 0 . 0 3 . 2 12.8 16 . 0 
14 0 340 0 0.0 0 0 0 . 0 0.0 0.0 0.0 6.0 6 . 0 
14 . 0 350 0 0 . 0 1.3 2.7 4 . 0 0 . 0 0.0 3 . 0 3.0 
14 0 360 0 0 . 0 2 . 0 2 . 0 4.0 0.0 0.0 10.0 10 . 0 
14 . 0 370 0 0 0 2.3 4 . 7 7 . 0 0 . 0 3 . 8 11. 3 15 . 0 
14 . 0 3AO 0 0 0 1 . 0 10 . 0 11.0 0.0 1. 6 6.4 8.0 
14.0 390 0 999 . 0 999 . 0 999.0 999 . 0 999.0 999 . 0 999.0 999 . 0 
15 . 0 0 . 0 0.0 1.1 10.9 12 . 0 1.3 0.0 10 . 7 12.0 
15 0 20 0 0 . 0 0 0 2.0 2 . 0 0 . 0 l . 6 6 . 4 8.0 
15 0 40 . 0 0 . 0 3.0 14.0 17 . 0 1.2 9.7 6 . 1 17 . 0 
15 0 60 0 0 . 0 0 0 13 . 0 13 . 0 2.5 4.9 8.6 16.0 
- ~ -
15 0 AO 0 0 . 0 2. 1 16 . 9 19 . () 0.0 12 3 2R.7 41.0 
15 0 100 . 0 1.2 8 . 3 23 . fi 33 0 3 . 9 24 . 9 34 1 63.0 
1'5 0 120 . 0 5.8 11 . 5 12 . 7 30.0 3 0 29 0 20. 0 61.0 
15 . 0 140 0 1.0 4 0 14.0 19 0 3 0 24 . 3 115 . 7 44.0 
15 0 160 0 4 . 0 10 0 26 . 0 40 . 0 1 4 2 9 R 7 13 . 0 
15 0 1AO . O 2 . 0 10 . 0 20 . 0 32 . 0 1 3 2 . 6 5 1 9 . 0 
15 . 0 200 0 1.0 3. 1 20.8 25 . 0 0 .0 1 . 0 2.0 3.0 
15 0 220 0 0.0 0 . 0 4 0 4 . 0 0 . 0 0 . 0 0.0 0.0 
15 0 230 . 0 0.0 1 . 3 7 7 9 0 0 0 2 3 6 .8 C) . O 
15 0 240 n 0 . 0 3 . 0 4 0 7 . 0 2 0 4.0 5.0 1 1 0 
15 0 250 0 0 0 2 . 0 6 0 A. O 0 0 3 . 8 1 . 3 5.0 
1 5 0 26('1 0 o.o 3.0 4 . 0 7 . 0 0 0 4 . 4 7.6 12.0 
15 . 0 270 0 0 . 0 3.0 6.0 9.0 0.0 3.0 7 . 0 10 . 0 
J !' 0 2AO 0 0 . 0 3.0 6.0 9 0 1 8 1 . 8 3.5 7.0 
15 0 2Qr) . 0 0 . 0 3 . 8 1 . 3 5 . n 0 0 2.3 4 . 7 7.0 
15 0 300 . 0 0 0 0 . 0 5 . 0 5 .0 0 .0 1 7 10 3 12.0 
15 0 310 0 0 0 fi.O 5.0 11.0 0 0 4 . 7 2 . 3 7 . 0 
15 0 320 . 0 0 . 0 1 0 10 0 11 0 0 . 0 7 . A 2.2 10.0 
15 0 330 . 0 n o 1 . 0 1. . 0 2.0 0 . 0 1 5 1.5 3.0 
1 5 0 340 0 n.o 1.0 0 0 1 0 0 0 3.0 J . 0 4.0 
1 5 0 350 0 0 . 0 2.0 0 0 2 . 0 0 0 3 . 0 3 0 fi 0 
15 0 3150 . 0 0 0 2 . 0 2 . 0 4 . 0 0 0 4.4 5.6 10.0 
15 n 370 0 0 . 0 0 . 0 1.0 1 0 0 0 1 5 1 . 5 3 0 
1 5 0 380 . 0 0 . 0 2 . () 3 . 0 5 . 0 0 0 0.0 0 . 0 l.Q 
15 0 390 0 9Q9 . 0 999 0 <:)99.0 999 . 0 999 0 999 . 0 999 0 999.0 
16 0 0.0 0 . 0 1.0 1.0 2 . 0 0.0 1.0 0.0 1.0 
16 . 0 20 . 0 1 . 0 1.0 3 . 0 5 . 0 0 0 1.0 0 . 0 1.0 
16 0 40 0 0 . 0 0 . 0 4 . 0 4 . 0 0 . 0 0.0 0 . o . 0.0 
1fi 0 60 0 0 . 0 2.0 2 . 0 4.0 0 0 2.4 8 n 11.0 
16 0 RO 0 0 . 0 2 . 0 6 . 0 R. O 0 0 6.0 2 0 fL 0 
16 . 0 100 . 0 0.0 3 . 0 8 . 0 1 1 0 0 . 0 13.3 17 . 7 31.0 
1fi 0 120 0 0.0 5 . 0 14 . 0 19 . 0 4 . 3 14 . 0 1l.R ?9 . 0 
16 0 140 0 1.0 3 . 0 15.0 19 . 0 0 . 0 2 . 0 5 . 0 7. 0 
16 . 0 160 0 0.0 2 0 21 0 23 . 0 1 . 0 2.0 1.0 4.0 
16 . 0 1AO 0 0.0 1.0 16 . 0 17.0 0.0 3.0 5 . 0 R.O 
16 . 0 200 . 0 0 . 0 2 . 0 R. O 10 0 0 . 0 0.0 2 . 0 2.0 
16.0 220 . 0 0 . 0 2 . 0 6.0 R. O 1.3 2 . 7 0 . 0 4 0 
16 0 230 0 1 . 0 1.0 3.0 5 . 0 1 . 1 2 3 4 . 6 8.0 
16 . 0 240 0 0 . 0 0 . 0 5 . 0 5 . 0 1.0 3.0 5 . 0 9 . 0 
16 . 0 250 0 0 . 0 2.0 4 0 6.0 0 0 5 . 0 0 . 0 5.0 
16 0 260 0 0 . 0 1.0 2 . 0 3 . 0 0.0 1.0 1 . 0 2 . 0 
16 0 270 0 0 . 0 1. 0 5.0 6.0 0 . 0 0 . 0 0 (') 1 . 0 
16 0 280 0 0 . 0 1.0 3.0 4.0 0.0 2 . 5 2 . 5 5 . 0 
16 0 290 0 0 . 0 2 . 0 3 . 0 5 . 0 0.0 t 0 1 . 0 2.0 
16 0 300 0 0 0 1.0 2.0 3 . 0 0 . 0 0 . 0 2 . 0 2 . 0 
16 0 310 . 0 0 . 0 2 0 4 . 0 6.0 1 0 6 . 0 6 . 0 13 . 0 
16 0 320 0 0 . 0 0 . 0 3 . 0 3 0 0.0 1 . 0 o.o 1.0 
16 0 330 0 0 . 0 0.0 0 . 0 0.0 0 . 0 1 . 3 2 . 7 4.0 
16 0 340 . 0 0.0 1 . 0 1.0 2 . 0 0 . 0 4 . 0 2.0 6.0 
16 0 350 0 0 . 0 1 0 1 . 0 2.0 0 0 1 . 0 1 0 2.0 
16 . 0 360 . 0 0 . 0 3 . 0 0.0 3.0 0 . 0 4.0 0.0 4.0 
16 . 0 370 0 0 . 0 0 . 0 2.0 2 . 0 0.0 0 . 0 1 . 0 1 . 0 
16 0 3A 0 0 0 . 0 2 . 0 2 . 0 4.0 0 . 0 0 . 0 0 . 0 0 . 0 
16.0 3Cl0 . 0 999 0 999.0 999 . 0 999 . 0 999 . 0 999.0 999 . 0 999 . 0 
-4-
V F.~~ N 1Q80B TOTftl 
I 0 0 0 13 3 7? . 7 R3 . 0 Jf; 9 0 24 . 9 111;.2 53 9 1°5.0 
3 . 0 20 0 1 7 0 53 l R3.9 154 0 30 3 59 (i 40 . 1 130 . 0 
5 0 40 . 0 8 . 3 41 . 7 74 0 124.0 R. 5 66.4 59 . 2 13«1.0 
7 . 0 60 0. 26 . 3 56.8 120.9 204 . 0 50 2 112 4 112.4 275 . 0 
9 (l 80 0 16 4 55 . 4 122 . 2 194 . 0 30 9 150 3 132 R 369.0 
1 l 0 100 0 13 5 1Cl0 . 4 15 2. 1 26n . o 46 . 1 178 . 4 1A6.5 411 . 0 
13 0 120 0 12 . 6 71 1 135 . 3 219 0 16 0 366.6 493 . 4 876.0 
15 . 0 140 0 25 . 9 189 3 205 8 421 . 0 79 0 2 26 6 210.4 516.0 
17 n 160 . 0 19 1 21 ] . 1 366 . R ':i97 . 0 50 . 3 201 .0 149.7 401.0 
19 0 180 0 2 7 . 1 160 . 7 24 9. J 437 . 0 99 . 6 208.5 142 . 9 45 I . 0 
21 0 200 0 9 . 1 A4 9 101.0 195 . 0 31. 3 178 8 9 3 9 304 . 0 
23 0 220 0 2.0 31 . 0 5fi 0 89 0 14.4 3 5. 1 47 . 5 97 . 0 
24 . 0 ?.30 0 10 . 2 315.7 61 . 1 108 . 0 11 4 45 6 55 . 0 112.0 
25 . 0 240 . 0 3. 1 22 . 5 56.4 82.0 19 2 60 A 47 0 127. 0 
26 0 250 0 5 . 1 2R . 5 74 . 4 10R . O 10 . 2 36 . 9 36 . 9 84 . 0 
27 0 260 0 4 1 26.4 41 . 6 72 . 0 11 4 6 7 . 1 46 . 5 125.0 
2A . O 270.0 J 0 29 0 50.0 80 .0 8 . 3 54 7 66 . 0 129 . 0 
2Q .O 280 0 3 . 0 ?0.0 3':i.O 5~ . 0 10 3 4 0. 1 35 . 5 R6.0 
30 . 0 290 0 2 . 0 22 . 4 37 . 6 6 2 . 0 15 . 5 51.6 32.0 99 . 0 
31 0 300 . 0 1 . 0 17 0 29 . 0 47 0 4 4 38.9 5S.fi 99 . 0 
32 n 310 0 1.0 1Q 0 33 . 0 53 0 4 2 37 7 4R.1 ~0.0 
33 . 0 320 0 3 0 24 0 47 0 74 . 0 7 l 55.9 5') _Q 11 CL 0 
34 0 330 0 2 . 0 13 0 13 0 28 . 0 2 1 22.0 40 . 9 65.0 
35 () 340 0 1 . 0 1?.0 4 . 0 17.0 3 0 33.5 24.4 61 . 0 
36 0 350 0 1 . Cl 13 . 4 15 . 5 30 0 2 . 5 35 . 7 30.8 64.0 
37 . 0 360 0 1.0 26 . 0 16 0 43 . 0 4 4 31 9 33. 1 65 . 0 
3A 0 370 0 1 . 0 16 . 4 25 . 6 43 . 0 1.5 26 6 39 . 9 68.0 
39 . 0 380 . 0 1 0 JQ.O 26 0 38 . 0 1 . 4 9 6 26 0 37.0 
40 0 390 0 1.0 17 0 6 . 0 24 0 1 0 7 . 0 9.0 17.0 
- 5-
GP.EAT OIGLEBOURNE 19808 
TIME OIST Fl+3 F5 F6 FT ~ 1 ~2 ro HT 
JO . O 0 0 1 . 5 4 . 5 3 0 9 . 0 2.0 1.0 0.0 3 . 0 
10 0 10 . 0 1. 0 11 . 0 2 . 0 13.0 0 . 0 4.0 1 . 0 5.0 
10 . 0 20 0 1 . 0 4 0 0 . 0 5 . 0 0.0 0 . 0 0.0 0.0 
10 . 0 30.0 0 . 0 3.0 0.0 3.0 0 . 0 1 . 0 1.0 2.0 
10 n 40 0 999 . 0 999 . 0 9Q9 . 0 999.0 999.0 999 . 0 999 . 0 999.0 
10 . 0 50.0 0 . 0 6 . 0 1.0 7 . 0 1.0 0 . 0 0 . 0 1.0 
10 0 150.0 o.n 2.0 1.0 3.0 0 . 0 1.0 0.0 1.0 
10 . 0 160 . 0 0 .0 4.0 0 . 0 4.0 0 0 2 . 0 0 . 0 2 . 0 
10 . 0 170 0 0 0 6.0 0.0 6.0 0.0 0 . 0 0.0 0.0 
10 0 180 . 0 1.0 6.0 3.0 10.0 o.n 2.0 0 . 0 2.0 
10 . 0 190 0 0.0 9 . 0 4 . 0 1 3. 0 0.0 1.0 5 . 0 6.0 
10 . 0 200 0 0 . 0 2 . 0 0.0 2 . 0 0 . 0 0.0 1.0 1.0 
10 . 0 210 0 0 . 0 1.0 0.0 0 0 0.0 0.0 0.0 0.0 
10 0 220 . 0 0.0 2 . 0 1.0 3.0 1 .0 0.0 0 .0 1.0 
10 . 0 230 . 0 999 0 999.0 999.0 999 . 0 999 . 0 999.0 999.0 Q99.0 
10 0 240.0 999 . 0 999.0 999.0 999.0 ~99 . 0 999.0 999.0 999.0 
10.0 260.0 999 0 999 . 0 999 . 0 999.0 999 . 0 999.0 999 . 0 999.0 
10 0 2RO.O 99Q . O 999 . 0 999.0 999 . 0 999.0 999 . 0 999 . 0 999.0 
10 . 0 300.0 999.0 999.0 999.0 999.0 999 .0 999.0 999.0 9~9.0 
11 0 0 . 0 0.0 11.0 11 . () 22.0 0.0 6 . 0 1A.O 24 . 0 
11 . 0 10 . 0 0 . 0 3.0 3 . 0 6.0 0.0 0 . 0 2.0 2.0 
11 . 0 20 0 0.0 7.0 5.0 12.0 0.0 0.0 0 . 0 0 .0 
11 0 30 . 0 2.0 4.0 4 0 10.0 0 . 0 1.0 0 0 1.0 
11.0 40 . 0 0 . 0 0.0 1.0 1.0 0.0 0.0 1.0 1.0 
11 . 0 50 0 0 . 0 0 0 0.0 0.0 0 .0 0.0 0 . 0 0.0 
11.0 150 0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 
11 . 0 160.0 (I 0 0 . 0 0.0 0.0 0 . 0 0 . 0 2 . 0 2.0 
11.0 170 . 0 0 . 0 2 . 0 1 0 3 0 0 . 0 0 . 0 0.0 0.0 
11 . 0 1AO 0 0.0 1.5 1.5 3 . 0 0.0 1 . 0 1.0 2.0 
11 . 0 190 . 0 0.0 0.0 1.0 1 . 0 0 . 0 0.0 0.0 0.0 
11 0 200 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 1.0 
11 . 0 210 . 0 0 . 0 1.0 0 . 0 1.0 0.0 0.0 0.0 0.0 
11 . 0 220 . 0 0 . 0 3 . 0 1.0 4 . 0 0.0 0.0 0 . 0 0.0 
11.0 230 0 1. 0 0 . 0 2 . 0 3 . 0 0 . 0 0.0 0.0 0.0 
11 . 0 240 0 0.0 1 . 0 0.0 1.0 0.0 0.0 0 . 0 0.0 
11.0 260 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0 . 0 
11.0 280 . 0 0.0 3.0 0.0 3 . 0 0.0 0.0 0.0 0.0 
11 . 0 300 . 0 0.0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 
12.0 0 . 0 0 . 0 3 . 0 9.0 12.0 0.0 4.0 8 . 0 12 . 0 
12 0 10 0 0 . 0 7.0 7.0 14.0 0.0 1.0 1.0 2.0 
12 . 0 20 . 0 0 . 0 10 . 0 8.0 1A . O 0 . 0 0.0 1 . 0 1.0 
12 . 0 30 . 0 0.0 5 . 0 3.0 8.0 0.0 1.0 0.0 1.0 
12 0 40 0 0.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 
12 . 0 50 0 0 . 0 2.0 1.0 3.0 0.0 0.0 1 . 0 1.0 
12 0 150 0 0.0 0 . 0 2 . 0 2 . 0 0 . 0 0.0 0 . 0 0.0 
12 0 160 0 0.0 1. 0 1.0 2.0 0.0 0 . 0 0.0 0.0 
12 . 0 170 0 0.0 6 . 0 5.0 11 . 0 o.n 1.0 0.0 1.0 
12 . 0 180 . 0 0.0 3 . 0 1 . 0 4.0 0.0 0.0 0 . 0 0.0 
12 . 0 ]90 . 0 0 . 0 0 . 0 0 0 0.0 0.0 0 . 0 1.0 1.0 
12 0 200 0 0.0 2 0 0.0 2.0 0 . 0 0.0 0 . 0 0.0 
12 . 0 210.0 0.0 0 . 0 0.0 0 . 0 0 . 0 0.0 1 . 0 1.0 
- ,_ 
12 . 0 220 0 0 . 0 2 . 0 0 . 0 2.0 0 . 0 0 . 0 0.0 0 . 0 
12 0 230.0 o n o.o 2.0 2 0 0.0 2 . 0 0.0 2 . 0 
12 0 240 0 0 . 0 2 n 1 0 3 . 0 0 0 0.0 0.0 0 . 0 
12 . 0 260 0 0 0 0 .0 0 . 0 0.0 o o 0 0 0 0 0 . 0 
12.0 2RO 0 0 . 0 1 . 0 1.0 2.0 0.0 0 0 o 0 0 . 0 
12.0 300 0 0 . 0 0 .0 0.0 0 . 0 0 . 0 0 0 0.0 0 . 0 
13 0 0 0 0 . 0 8 . 0 18 . 0 26 . 0 0.0 7 0 3 0 lO.O 
13 . 0 1() 0 0 0 5 . 0 14 0 19 . 0 0 0 2 . 0 1 0 3.0 
13 . 0 20 0 0 0 4 . 0 7 0 11 0 1 0 1 . 0 3.0 5 . 0 
13 . 0 30 . 0 1 0 13 0 13 . 0 27.0 1 . 0 6 0 6.0 14 . 0 
13 . 0 40 . 0 0 0 0.0 1 0 1 0 0 0 0 . 0 0 . 0 0.0 
13 0 50 0 0 . 0 0 0 1.0 1 () 0 0 0.0 0.0 0 . 0 
13 . 0 150 0 0 . () 1 0 2 . 0 3 . 0 n.o 3 . 0 3 .0 6.0 
13 0 160 0 1.0 3.0 4 . 0 R 0 0 0 1 . 0 3.0 4 . 0 
13 . 0 170 . 0 0 0 1 . 0 0 . 0 1 . () 0.0 1.0 3 . 0 4.0 
13 0 lRO 0 0 () 0 . 0 1 . 0 1 0 0 . 0 1 . 0 0 0 1 . 0 
13 0 190 0 0 . 0 3 .0 3.0 6 0 0.0 2 . 0 0.0 2.0 
13 . 0 200 . 0 0.0 0 . 0 0 0 0 0 0 0 0.0 1.0 1.0 
13 0 210 . 0 0 0 2 0 0.0 2 0 0 0 0 . 0 1.0 1.0 
13 0 220 0 0 . 0 1.0 1.0 2 0 0.0 3 . 0 1.0 4 . 0 
13 . 0 230 . 0 0 . 0 1 . 0 1 . 0 2 . 0 0.0 1 . 0 0.0 1.0 
] 3 0 240 0 0.0 2 . 0 3.0 5.0 0 0 0 0 0.0 0.0 
13 0 2110 0 0 . 0 1.0 0.0 1 0 0 0 0 . 0 0 . 0 0.0 
13 0 280 0 0 0 0.0 1.0 1 0 0 . 0 0 . 0 1.0 1 . 0 
13 . 0 300 . 0 0 . 0 1.0 0.0 1 . 0 0.0 0.0 0 0 0 . 0 
14 0 0 0 1 0 1 0 12 . 0 14 . 0 0 . 0 0.0 4 . 0 4.0 
14 0 10 . 0 o o 2 . 0 ~ 0 1 1 0 0.0 1.0 0 . 0 1.0 ]4 . 0 20 0 0 0 5 4 21.6 27 0 0 . 0 0 0 0 . 0 n.o 
14 0 30 0 0 . 0 o.o 4 0 4 0 0.0 0 0 0 . 0 0 . 0 
14 0 40 0 Q99 0 999.0 Q99 . 0 999 n 999 0 999.0 999 . 0 999 . 0 
14 0 50 0 0 . 0 1 . 0 2 .0 3 . 0 0 0 0.0 3.0 3 . 0 
14 0 150 0 0.0 0.0 2 . 0 2 . 0 0 . 0 0 . 0 2.0 2.0 
14 () 160 . 0 0.0 3 . 0 8 . 0 11 . 0 0 . 0 0 . 0 5.0 5.0 
1 4 0 170 . 0 0.0 1 0 0 0 1 . 0 0 0 0.0 1.0 1.0 
14 0 180 0 0 0 2.0 0.0 2 . 0 0.0 0.0 2 . 0 2.0 
14 0 190 0 0 . 0 1.0 0.0 1 0 0.0 0 . 0 1 0 1.0 
14 0 200 . 0 0 . 0 0.0 2 0 2.0 0.0 0.0 0 . 0 0.0 
14 0 210 0 0.0 3.0 1 0 4 . 0 0.0 0.0 1.0 1.0 
14 0 220 0 0 . 0 1.0 5 . 0 6 . 0 0 . 0 0 . 0 4.0 4 .0 
14 0 230 . 0 0.0 0.0 2.0 2.0 0 . 0 0 . 0 2 . 0 2.0 
14.0 240 0 0 0 1.0 1.0 2.0 0.0 1 . 0 1 . 0 2.0 
14 0 260 .0 0.0 1.0 0 . 0 1 . 0 0.0 ().0 1.0 1.0 
14 0 280 . 0 0.0 3 . 0 0 0 3 0 0 0 0.0 2.0 2.0 
14 0 300 0 0 . 0 3 .0 1.0 4 . 0 0 . 0 0 . 0 1.0 1.0 
15 . 0 0.0 0 . 0 0 . 0 5 . 0 5.0 0.0 2 . 0 0 0 2.0 
15 . 0 10 0 0 . 0 2.0 3.0 5.0 0.0 2.0 0.0 2 . 0 
15 . 0 20 0 0 . 0 1. 0 5 . 0 6 0 0.0 1.0 0.0 1 . 0 
15 0 30 0 0 . 0 2 . 0 6.0 8 . 0 0 . 0 4 0 0.0 4.0 
1!' 0 40 . 0 0.0 0 . 0 1 0 1 . 0 0 . 0 0.0 0 . 0 o.o 
1'1 0 50 . 0 0 0 0 . 0 0 0 0 . 0 0 . 0 0 . 0 0.0 0.0 
15 0 150 . 0 0 0 0 . 0 0.0 0.0 0.0 0.0 3.0 3.0 
1S 0 160 0 0 . 0 1 0 0 . 0 1 0 0 . 0 0 0 0 . 0 0.0 
15 0 170 0 0 . 0 0.0 0.0 0 . 0 0.0 1 . 0 0 . 0 1.0 
- 7-
15 0 180 . 0 0.0 0.0 1 . 0 1.0 0.0 0 0 0.0 0 . 0 
15 0 190 n 0 . 0 0 0 0.0 0.0 0 . 0 0.0 1.0 1 . 0 
1'\ 0 200 . 0 0.0 0 0 0 . 0 0 . 0 0 0 0 . 0 0 . 0 0.0 
le; 0 2l0 . 0 0.0 n. o 0 . 0 1.0 0.0 0 0 0 . 0 0.0 
15 . 0 220 . 0 0.0 0 . 0 0 . 0 0 . 0 0.0 1 0 3.n 4.0 
15 0 230 0 0 . 0 0 . 0 0 . 0 0.0 0 0 0.0 1.0 1. 0 
15 0 240 . 0 0 . 0 o.n 0.0 0.0 0 . 0 2.0 0 0 2.0 
15 0 260 . 0 0 . 0 1.0 0.0 1 0 0.0 0 0 0.0 0.0 
15 0 2AO 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0 0 0.0 0.0 
15 0 300 . 0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 
16 0 0.0 0 . 0 1.0 10 . 0 11 . 0 0 . 0 2 . 0 2 . 0 4.0 
16 0 10 . 0 0 . 0 1 . 0 2.0 3 . 0 1 . 3 1.3 1 . 3 4 . 0 
11; . 0 20 0 0 . 0 0 0 1 . 0 1 . n o.n 0 0 2 0 2.0 
16 . 0 30 . 0 0 . 0 0 . 0 3 . 0 3 . 0 0 . 0 0 . 0 0 . 0 0.0 
16 . 0 40 0 0 0 0.0 0 . 0 o.n 0 . 0 0.0 0.0 0.0 
16 . 0 50 . 0 0.0 0 . 0 1 . 0 1 . 0 0 . 0 0.0 0.0 0.0 
16.0 150 0 0 . 0 0.0 0 0 0 . 0 0 . 0 0 . 0 1.0 1.0 
16 . 0 160 0 0 . 0 0.0 0.0 0 . 0 0 0 0 . 0 2.0 2.0 
111 . 0 170 0 0 . 0 0 . 0 0.0 0.0 0 0 0 . 0 0.0 0.0 
16 0 lRO 0 0 . 0 0.0 n.o 0 . 0 0 0 0 . 0 n.o 0.0 
16 . 0 190 . 0 0 . 0 ] . 0 0.0 1.0 0 0 0.0 0.0 0.0 
1fl . O 200 0 0.0 0 . 0 0 . 0 0.0 0 0 0.0 0 . 0 0 . 0 
16 . 0 210 0 0.0 0.0 0 . 0 0.0 0 0 0.0 1.0 1.0 
16 0 220 . 0 0.0 0.0 1.0 1 . 0 0 . 0 0.0 0.0 0.0 
16 . 0 230 . 0 0 . 0 n.o 0.0 0.0 0 0 0.0 0 . 0 0.0 
u; 0 240 0 0 . 0 1 0 2.0 3.0 0 . 0 1 . 0 1 . 0 2.0 
16 0 260 . 0 0 . 0 1.0 2 . 0 3 . 0 0 . 0 0.0 0 . 0 0.0 
16 . 0 280.0 0 . 0 1 0 1.0 2.0 0.0 1.0 2.0 3.0 
1f' 0 300 . 0 0.0 0.0 0.0 0.0 0.0 0 0 0.0 0.0 
- s-
GRF:AT OIGLEBOIIFH!E J9~0B TOTAL 
1 0 0 . 0 2 . J 27 . R 69 . 1 qq_o 2.4 22 . 9 33 7 sq .o 
2 . 0 10 0 o.n 31 . 0 40.0 71 0 1 2 11.9 5 . 9 19 . 0 
3 . 0 20 0 1. 0 31.8 47 . ? PO.O 1.1 2 . 3 5.6 9 . 0 
4 0 30.0 3 .0 27 0 33 . 0 63 . 0 1.2 12 { A. 6 22 . 0 
5 . 0 40 0 0 0 0.0 4 . 0 4.0 0.0 0 . 0 1 . 0 1.0 
6 0 50 . 0 0 . 0 9 0 6.0 15 . 0 1 7 0 0 3. 3 5 . 0 
7 . 0 150 0 0 . 0 3.0 7.0 10 . 0 0 . 0 4.0 9.0 13.0 
A 0 160 0 1 0 12 . 0 13.0 ?6 . 0 0.0 3 . 2 11 . 8 15.0 
9 0 170 . 0 0 . 0 16 0 6 . 0 22 0 0 . 0 3.0 4.0 7.0 
10 0 180 0 1.0 12.6 7.3 21.0 0.0 4 0 3 . 0 7.0 
11 0 190.0 0 0 14.0 A.O 22 . 0 0 . 0 2 2 8.R 11.0 
12 0 200 . 0 0 . 0 4.0 2 0 fi . O 0.0 1.0 2 . 0 3.0 
13 . 0 210 . 0 0.0 6.0 2 . 0 R.O 0.0 0 0 4 . 0 4.0 
J 4 n 220 . 0 o.n 9.0 9.0 18 . 0 1 0 6.0 8.0 13.0 
15 0 230 . 0 1 . 0 1 0 7.0 9 . 0 0.0 3.0 3.0 6.0 
16 0 240 0 0 . 0 . 7. 0 7.0 14 . 0 0.0 3 . 6 2.4 6 . 0 
17 . 0 260 0 0.0 4.0 2.0 6.0 0.0 0 0 1.0 1 . 0 
1.8 0 280 . 0 0.0 8 . 0 3 . 0 11 0 0.0 1.0 5.0 6.0 
19 . 0 300 . 0 0 0 4 . 0 1.0 5.0 0.0 0.0 1.0 1.0 
-'1-
SE ALE HA HIE 19808 
TIMF DIST F1+3 F5 F6 FT Ml M?. ~13 MT 
10 . 0 5 . 0 0 . 0 'i . O 4 . 0 9.0 1. 0 ?. . 0 0 . 0 3 . 0 
10 0 0 . 0 2 0 2f' 0 4 0 32 . 0 0 0 1 . 0 0 0 1 . 0 
10 (l 5 0 1.0 1 1 0 2.0 14 . 0 0 . 0 0 . 0 0.0 0 . 0 
10 . 0 15 0 999 0 999 . 0 999 0 999 0 999 . 0 099 . 0 9Q9 .0 999 . 0 
J () 0 25 . 0 1.0 2 0 0 . 0 3.0 1 0 3 . 0 0.0 4.0 
10 0 35 0 1 . 0 R.O 0 . 0 9.0 1.0 3 0 o.n 4 . 0 
10 0 45 0 0 . 0 2 . 0 0 . 0 2 0 1 0 0 0 1.0 2.0 
10 0 55 0 0 . 0 8 . 0 0 . 0 8 . 0 0 . 0 5 . 0 0 0 5.0 
10 0 fi5 0 0 . 0 3 . 0 0 . 0 3 . 0 0 0 1 . 0 0.0 1. 0 
10 0 75 o 0 . 0 9 0 0.0 9.0 0 0 1 . 0 0 . 0 1. 0 
10 0 AS . 0 o.o 0 . 0 1 . 0 1 0 0 0 1.0 1.0 2 . 0 
10 0 95 . 0 0 . 0 0 . 0 1 . 0 1 0 0 . 0 0 . 0 0.0 0 . 0 
10 0 105 . 0 99Q 0 999 . 0 999 . 0 999 . 0 99~ . 0 999.0 999.0 999 . 0 
10 . 0 115 0 999 . 0 999 . 0 999.0 999 . 0 999 . 0 999 . 0 999 . 0 999.0 
10 0 125 . 0 999 0 999 . 0 999 . 0 999 . 0 999 0 999 . 0 999.0 999 . 0 
10.0 135 . 0 999 0 999 . 0 999 . 0 999.0 999 . 0 999 0 999.0 99Q.O 
!0.0 145 . 0 0.0 4 . 0 0 . 0 4 0 0 . 0 3 . 0 0.0 3 .0 
10 . 0 155 0 ] . 0 9 . 0 1 . 0 11.0 0.0 0.0 0 . 0 0.0 
10 . 0 165 0 999 . 0 999.0 999 . 0 999 0 999 . 0 999 0 999 . 0 999.0 
10 . 0 165 . 0 0 . 0 8.0 0.0 8 . 0 0 . 0 0 . 0 0 . 0 0.0 
10 0 166 . 0 0 . 0 7 . 0 l 0 R.O 0.0 2 . 0 0.0 2 . 0 
10 0 16A 0 0 . 0 9 . 0 0.0 9 . 0 0.0 0 . 0 0.0 0 . 0 
10 . 0 170 0 0 . 0 3 . 0 0 . 0 3 . 0 0 . 0 1.0 0 . 0 1.0 
10 . 0 172 . 0 0 0 3.0 0.0 3 . 0 1.0 1 0 0.0 2.0 
10 0 176 . 0 0.0 2.0 0 . 0 2 0 0.0 1.0 0.0 1.0 
10 . 0 179.0 1.0 2.0 0.0 3.0 2.0 5 . 0 3 0 10.0 
10 . 0 183 0 0 . 0 5.0 0.0 5 . 0 1 . 0 2.0 0 0 3.0 
10 0 1A8 . 0 0.0 6 . 0 3 0 9.0 4 0 7.0 3 . 0 14.0 
10 0 190 0 0 . 0 7 . 0 2 . 0 9 . 0 2 0 5.0 2.0 9.0 
10 . 0 196 0 0 . 0 A. O 0 . 0 8 . 0 o n 4 . 0 0.0 4 . 0 
10 . 0 202 0 0 0 8 . 0 1 . 0 9.0 0.0 8 . 0 6 0 14 . 0 
10 . 0 202 0 0 0 0.0 0 . 0 0 . 0 0.0 1.0 2 . 0 3 . 0 
10 0 209 0 1 . 0 6.0 0.0 7 . 0 0 . 0 2 . 0 0 . 0 2 . 0 
10 0 212 . 0 1.0 3 . 0 1 0 5 . 0 0 0 0 . 0 0 . 0 0 0 
10 . 0 219 . 0 0 0 3 . 0 0.0 3.0 0.0 3.0 3 . 0 f'.O 
10 . 0 223 . 0 1.0 5 . 0 1 0 7.0 2 . 0 6 . 0 0.0 8 . 0 
10 0 226 . 0 0.0 2 0 4.0 6 . 0 0.0 7 . 0 3.0 10 0 
10 . 0 230 . 0 0 . 0 6 . 0 3 . 0 9.0 0 0 3.0 8.0 11.0 
10 0 23 7 0 2 . 0 3.0 0.0 5.0 1 . 0 3 0 0 . 0 4.0 
10 . 0 244 . 0 999 0 999 . 0 999 . 0 999.0 999.0 999 . 0 999.0 999 . 0 
10 () 251 . 0 999 0 999 0 999 . 0 999.0 999.0 999.0 999 . 0 999.0 
10 . 0 258 . 0 999 . 0 999.0 999 . 0 999 . 0 999 0 999 0 999 . 0 999 . 0 
10.0 2fi5 . 0 999 . 0 999.0 999.0 999 . 0 999.0 999 . 0 999.0 999.0 
10 0 272 . 0 999 0 999 . 0 999 . 0 999.0 999.0 999.0 999.0 999.0 
10 0 279.0 999 . 0 999 0 999 . 0 999 0 999.0 999.0 999.0 999 . 0 
10 . 0 76 . 0 0 . 0 1 0 0 . 0 1 . 0 0 . 0 1 . 0 0.0 1.0 
10 . 0 78 . 0 0 . 0 3 . 0 1.0 4.0 0 . 0 0.0 0.0 0.0 
10 . 0 82 . 0 999 . 0 999 . 0 999 . 0 999 . 0 999 . 0 999 . 0 999.0 999 . 0 
10 0 85 . 0 0 0 3 . 0 0.0 3.0 0 . 0 0 . 0 0. 0 0 .0 
10 . 0 90 . 0 0 . 0 0 . 0 1 0 1.0 0.0 0.0 0 . 0 0.0 
10 . 0 96 . 0 0.0 4.0 1 . 0 5.0 0 . 0 0 . 0 0.0 0. 0 
10 0 10 3 . n 0 . 0 13 0 0.0 13 . 0 0 . 0 2.0 2 . 0 4 . 0 
10 0 110 0 0 0 12 . 0 1.0 13 0 0 0 0.0 0 . 0 0. 0 
- lo-
10 n 117 0 o.n 7.0 1.0 8 . 0 n.o 0 . 0 0 . 0 0.0 
10 . 0 12s . n J..O A. n 0.0 9.0 0 0 0 . 0 1.0 l.O 
10 0 133 0 0 . 0 A. O 2 0 10 . 0 0.0 0 . 0 0 . 0 0 . 0 
10 0 142 . 0 1 . 0 A 0 1.0 ]0 . 0 0 . 0 0.0 0.0 0 . 0 
l 0 0 150 . 0 2.0 4 . 0 0.0 6 . 0 0 0 0 . 0 0 . 0 0 . 0 
10 0 159 . 0 c .o 6 . 0 0.0 6 . 0 0. 0 2 . 0 0.0 2.0 
11 0 5 . 0 0 . 0 0 0 3 . 0 3 . 0 0 0 1.0 0 0 1 . 0 
11 . 0 0 . 0 0 0 13 . 0 28 . 0 41.0 0 . 0 0 . 0 3 . 0 3.0 
11 0 5 0 0 . 0 8 . 0 7 . 0 15.0 0.0 1 . 0 0.0 1.0 
11 0 15 0 0 0 1.0 2.0 3 . 0 0 . 0 2.0 2 . 0 4 . 0 
11 . 0 25 . 0 0 0 4 . 0 1.0 5.0 0 . 0 0 . 0 1 . 0 1.0 
11.0 35.0 0 . 0 4.0 1.0 5 . 0 0 0 0.0 0.0 0 . 0 
1 1 0 45 0 0 0 1.0 1 0 2 0 0 . 0 0 . 0 0.0 0 . 0 
11 . 0 55 0 0 . 0 3 . 0 0 . 0 3 . 0 0 . 0 0 0 l.O 1.0 
11 . 0 65 . 0 0 . 0 3.0 0.0 3 . 0 0 . 0 0.0 1 . 0 1 . 0 
11 0 75 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 
11 . 0 85 0 0.0 0.0 0 . 0 0 . 0 0 0 0.0 0 . 0 0.0 
11 . 0 95 0 0.0 0.0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 
1 1 0 lMi . 0 0 . 0 0.0 1 . 0 1.0 0.0 0.0 1.0 1.0 
11 . 0 115 . 0 0.0 0 . 0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 
11 . 0 125 . 0 999 . 0 9Q9 . 0 Q9Q 0 999 . 0 999.0 999.0 999 0 999.0 
11 . 0 135 () 0 0 2.0 1.0 3. 0 0 0 0.0 0 0 0.0 
11 . 0 145 . 0 0.0 1 0 0.0 1 . 0 0.0 0.0 0.0 0.0 
11.0 155 . 0 0 . 0 0.0 1 . 0 l.O 0 . 0 0 . 0 3 . 0 3.0 
11.0 165 . 0 0 . 0 1.0 0.0 1 . 0 0 . 0 0 . 0 0 . 0 0.0 
11.0 lfi5 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 
11 0 16fi . O 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
11 0 16A 0 0 . 0 1 . 0 3.0 4 . 0 0 . 0 0 . 0 0 . 0 0.0 
11 . 0 170 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 1.0 1.0 
11 . 0 172 . 0 0 . 0 1.0 0.0 1 0 0 . 0 1.0 1.0 2.0 
11 0 176 . 0 0 . 0 2 . 0 1.0 3 . 0 0 . 0 0.0 1.0 1.0 
11 . 0 179 0 0 . 0 0 . 0 0.0 0 0 0.0 1.0 0.0 1.0 
11 0 183 . 0 0.0 0 . 0 0.0 0.0 0 . 0 1.0 2 . 0 3.0 
11 . 0 18~ . 0 0.0 2 . 0 2 . 0 4 . 0 0.0 3.0 3.0 6 . 0 
11.0 190 . 0 0 . 0 1 . 0 1 0 2.0 0 . 0 2 . 0 2 . 0 4.0 
11 . 0 196 . 0 0 0 0.0 1 . 0 1.0 2.0 2 . 0 2 . 0 6.0 
11.0 202 0 0 . 0 8 . 0 2.0 10.0 0 . 0 2 . 0 6 . 0 8 . 0 
11 . 0 202 0 0.0 0 . 0 0 . 0 0 0 0.0 0 . 0 1.0 1.0 
11 0 209.0 0 . 0 1 . 0 0.0 1.0 0 . 0 0.0 1.0 1.0 
11.0 212 0 0 . 0 0.0 0.0 0 . 0 0 . 0 2.0 2.0 4.0 
11 . 0 219 0 0 . 0 1.0 1.0 2 . 0 0 . 0 0.0 2 . 0 2.0 
11 . 0 223 . 0 0.0 1.0 1 0 2 . 0 0.0 1.0 0.0 1.0 
11 0 226 . 0 0 . 0 1 . 0 0.0 1.0 0.0 0.0 0 . 0 0.0 
11.0 230.0 0 . 0 0 0 0.0 0.0 0 . 0 1.0 3 . 0 4.0 
1 1 0 237 . 0 0 . 0 3.0 2.0 5.0 0.0 0.0 6.0 6.0 
11 . 0 244 . 0 0.0 0 0 2.0 2 . 0 0 . 0 1 0 0.0 1.0 
11 0 251.0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 
11 0 258 . 0 999 0 999 . 0 999.0 999 . 0 999.0 999.0 999.0 999.0 
11 0 265 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 
11 0 272 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 0.0 
11 . 0 279.0 0 . 0 0 . 0 2 . 0 2 . 0 0 . 0 0.0 0.0 0.0 
11.0 76 0 0 . 0 1.0 0.0 1.0 0 . 0 0 . 0 0.0 0.0 
11 . 0 78 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 . 0 1 . 0 
11 . 0 82 0 0 . 0 0.0 0.0 0 0 0 . 0 0.0 0 . 0 0.0 
- \1 ~ 
11.0 A 5 . 0 0 . 0 0.0 0.0 0 .0 0.0 0 . 0 1.0 1 . 0 
11 . 0 90 . 0 0 . 0 3.0 0.0 3 0 0 . 0 0.0 0.0 0 . 0 
11 0 96 0 0 . 0 2 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 0 .0 
11 0 103 . 0 0.0 2 . 0 0.0 2.0 0 . 0 0.0 0.0 0.0 
11 . 0 110 0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0 . 0 
11.0 117 0 0 . 0 2 . 0 0.0 2 . 0 0 . 0 0.0 0.0 0 . 0 
11 . 0 125 0 0.0 2 . 0 0 . 0 2 . 0 0.0 0.0 0 . 0 0.0 
11.0 133 0 0.0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 
11 0 142 . 0 0 0 3 . 0 0 . 0 3.0 0 . 0 0 . 0 0.0 0.0 
11 0 150 0 0 0 0 . 0 1 0 1.0 0.0 0 . 0 0.0 0 . 0 
11.0 159 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 
12 0 5 0 0.0 3.0 11 0 14.0 0.0 0 . 0 0. 0 0.0 
12 . 0 0 . 0 1.0 19 0 8 . 0 2A.n 0 . 0 1.0 1 . 0 2.0 
12 0 5 . 0 0 . 0 5 . 0 8.0 13 . 0 0 0 0.0 1.0 1.0 
12 . 0 15 0 0.0 3 . 0 0 0 3.0 0.0 3.0 1.0 4.0 
12 . 0 25 . 0 0 . 0 2.0 1.0 3.0 0.0 1.0 1.0 2 . 0 
12 . 0 35 . 0 0 . 0 2.0 2.0 4 . 0 0.0 0 . 0 1.0 1.0 
12 . 0 45.0 0 . 0 3.0 1.0 4 . 0 0.0 1.0 2 . 0 3.0 
12 0 5~ 0 1 . 0 0.0 2.0 3.0 0.0 0 . 0 2 . 0 2.0 
12 . 0 65 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 1 . 5 1.5 3 . 0 
12.0 75 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 1.0 1.0 
12 . 0 A5 . 0 0 . 0 3 . 0 1 . 0 4.0 0 . 0 0 0 0 . 0 0.0 
12.0 95 0 0 . 0 0.0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 
12 . 0 105 0 0 . 0 1.0 0 . 0 1 0 0.0 1.0 0.0 1.0 
12.0 115 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 
12 . 0 125.0 0 . 0 0.0 0.0 0 . 0 0 . 0 1.0 2 . 0 3.0 
12 . 0 135 0 0 . 0 2.0 0 . 0 2 . 0 0.0 0 . 0 0.0 0.0 
12 . 0 145 . 0 0.0 1.0 1.0 2 . 0 0.0 1.0 0.0 1 . 0 
12 . 0 155 0 999 . 0 999 . 0 999 . 0 999 . 0 999 . 0 999.0 999.0 999.0 
12 0 165 0 999 . 0 999 . 0 999.0 999 . 0 999 . 0 999.0 999.0 999.0 
12 0 165.0 0.0 2.0 0.0 2 . 0 0.0 0 . 0 0.0 0.0 
12 . 0 166 0 0 . 0 1.0 0 . 0 1 . 0 0.0 0 . 0 0.0 0.0 
12 . 0 16A . O 999 0 999.0 999 . 0 999.0 999 0 999 . 0 999.0 999.0 
12 0 170 . 0 0.0 0 . 0 1.0 1.0 0.0 0.0 0.0 0.0 
12 . 0 172 . 0 0 . 0 2 . 0 0 . 0 2.0 0 . 0 0.0 0 . 0 0.0 
12 . 0 176 0 0 . 0 1.0 1 0 2.0 0 . 0 1.0 0.0 1.0 
12 . 0 179 . 0 999.0 999 0 999.0 9Q9 . 0 999.0 999.0 999 . 0 999.0 
12.0 183 . 0 0 . 0 1.0 1.0 2 . 0 0.0 0 . 0 1.0 1.0 
12 0 188 . 0 0.0 1 . 0 3 . 0 4.0 0 . 0 1.3 2.7 4.0 
12.0 190 . 0 0.0 3.0 1.0 4.0 1.0 8.0 5.0 14.0 
12 . 0 196 0 0 . 0 2.0 0 . 0 2 . 0 0 . 0 1.0 1.0 2.0 
12 . 0 202.0 9Q9 . 0 999.0 999.0 9~9 . 0 999.0 999.0 999.0 999.0 
12 . 0 202 . 0 0 . 0 1 5 1.5 3 . 0 2 . 0 0.0 0.0 2.0 
1?. . 0 209 0 0.0 0.0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 
12 . 0 214 . 0 999 . 0 999 . 0 999.0 999 . 0 999.0 999 . 0 999.0 999.0 
12 . 0 219 . 0 0 . 0 2.0 1.0 3 . 0 0.0 1.0 0 . 0 1.0 
12 . 0 223 . 0 999 . 0 999 . 0 999 . 0 999.0 999 . 0 999 . 0 999.0 999.0 
12 . 0 226 0 0.0 0 . 0 ?.0 2.0 0 . 0 0.0 0.0 0 . 0 
12 0 230 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 2 . 0 2.0 
12 n 237 . 0 0.0 2.0 2 0 4 . 0 0.0 4 . 0 1.0 5.0 
12 0 244 . 0 0.0 0 . 0 0.0 0 . 0 0.0 1 . 0 1 . 0 2. 0 
12 0 251 0 0.0 1 . 0 0.0 1. 0 0.0 1 0 1.0 2.0 
12 0 25~ 0 C' . O 0.0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 
12 . 0 265 0 0 . 0 0.0 2 . 0 2.0 0 . 0 1.0 0.0 1.0 
- 12.-
12 . 0 272 . 0 0 . 0 0.0 0.0 0 . 0 0 0 0.0 0.0 0.0 
12 0 2AO . O 0.0 0.0 0 . 0 0 . 0 0.0 0.0 2.0 2.0 
12 0 7 6 . 0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 0.0 1.0 
12 . 0 78 . 0 999 . 0 999 . 0 999.0 999.0 999.0 999 . 0 999.0 999.0 
12 . 0 82. 0 0 . 0 1 . 0 2.0 3 . 0 0.0 1.0 1 . 0 2 . 0 
12 . 0 85 0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 
12 . 0 90.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 
12 . 0 96 0 0 . 0 0. 0 0.0 0.0 0.0 0.0 0.0 0. 0 
12 0 103 . 0 0. 0 2.0 1.0 3 . 0 0 . 0 0 . 0 0.0 0 .0 
12 0 110 . 0 0 0 0.0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 
12 0 117 0 0 . 0 1 . 0 0 . 0 1 . 0 0 . 0 0 . 0 0.0 0.0 
12.0 125.0 0 . 0 3.0 0 . 0 3.0 0 . 0 0 . 0 0.0 1.0 
12.0 133.0 0 . 0 3 . 0 0.0 3 . 0 0.0 0.0 0.0 0.0 
12 0 142 .0 0 . 0 1.0 2 .0 3 . 0 0.0 2 . 0 0.0 2.0 
12 . 0 150.0 0 . 0 1.0 0 .0 1.0 0.0 0 .0 0.0 ·o. o 
12.0 159 0 0 . 0 1.0 0.0 1 . 0 0.0 0.0 0 . 0 0 . 0 
13 . 0 5 . 0 0.0 3.0 2.0 5.0 0.0 0 . 0 0.0 0.0 
13 0 0 . 0 0.0 6.0 15.0 21.0 0 . 0 2.0 0.0 2.0 
13.0 5.0 0 .0 2.0 4.0 6.0 0.0 0.0 4 . 0 4 . 0 
13 () 15 0 1 0 1 0 2.0 4 .0 1.0 1 0 0 .0 2.0 
13 .0 25 0 0 . 0 0.0 1.0 1 . 0 0.0 0.0 0.0 0.0 
13 0 35 . 0 0.0 1.0 0.0 1.0 0.0 0 . 0 0.0 0.0 
13 . 0 45 0 999 .0 999.0 999 . 0 999.0 999.0 999 0 999 . 0 999.0 
13.0 55 0 0 . 0 1 0 2 .0 3.0 0.0 0 . 0 0 . 0 0.0 
13 . 0 65 . 0 999 . 0 999 . 0 999 . 0 999 . 0 999 . 0 999.0 999.0 999.0 
13 0 75 0 0.0 0 . 0 0.0 0.0 2.0 0.0 0.0 2 .0 
13 . 0 85 0 0 . 0 0.0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 
13 . 0 95 0 0 0 0.0 0.0 0.0 0 . 0 0.0 0 .0 0.0 
13 . 0 105 . 0 0 . 0 0 . 0 1 . 0 1 . 0 0 . 0 0.0 0.0 0.0 
13 . 0 115 0 0 . 0 0.0 0 .0 0.0 0 . 0 0 . 0 0.0 0.0 
13 0 125 0 0 0 0.0 2.0 2 . 0 0.0 0.0 0 . 0 0.0 
13 0 135 . 0 0.0 3 . 0 2.0 5 0 0 .0 1.0 2 . 0 3 . 0 
13 0 145 . 0 0.0 1.0 2.0 3.0 0.0 1.0 1.0 2 . 0 
13 . 0 155 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 
13 0 165.0 0 . 0 0 .0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 
13 0 165.0 0.0 0.0 1.0 1.0 0.0 0 . 0 0.0 0.0 
13 . 0 166 0 0 . 0 1.0 0.0 1.0 0 . 0 0 . 0 0 .0 0.0 
13 .0 16A 0 0 . 0 0.0 0.0 0.0 0.0 0 .0 0 . 0 0.0 
13 . 0 170 0 0 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
13 . 0 172.0 0.0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 0 .0 
13 . 0 176.0 0.0 1.0 1.0 2.0 0.0 1. 0 0.0 1.0 
13.0 179.0 0.0 2.0 2.0 4.0 0.0 0.0 2 . 0 2.0 
13 0 183.0 0.0 1.0 0.0 1.0 0.0 0.0 0 . 0 0.0 
13 . 0 188 . 0 0.0 0.0 0.0 0 . 0 1 . 0 1.0 1.0 3.0 
13.0 190 . 0 0.0 0.0 1 . 0 1.0 0.0 0 . 0 0.0 0 . 0 
13 . 0 196 . 0 0.0 1.0 1 . 0 2.0 0 . 0 2.0 0 . 0 2 .0 
13.0 202 . 0 0.0 1.0 1 . 0 2 . 0 0 0 0.0 2.0 2.0 
13 0 202 . 0 0.0 1.0 0 0 1.0 n.o 0.0 0 . 0 0.0 
13 0 209 0 0 0 0 . 0 0.0 0 . 0 0 0 0 . 0 0.0 0.0 
13 0 214 0 0 0 2 . 0 0.0 2.0 0.0 0.0 1.0 1.0 
-13-
13.0 219.0 0.0 1.0 1 0 2.0 0.0 0.0 3.0 3.0 
13 . 0 223.0 0.0 0 . 0 2.0 2.0 0.0 n.o 0.0 0 . 0 
13 . 0 22fi . O 0 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 
13 . 0 230 . 0 0.0 1.0 1. 0 2.0 0.0 0 . 0 1.0 1.0 
13 . 0 237 0 0 . 0 0 . 0 1.0 1.0 0 0 0 . 0 0 . 0 0.0 
13 . 0 244 . 0 0.0 1 . 0 n.o 1.0 0.0 0 . 0 0.0 0.0 
13 0 251 . 0 0.0 0.0 3.0 3.0 0 . 0 0 . 0 0 . 0 0.0 
13 . 0 25~ . 0 0 . 0 0.0 o.n 0 . 0 0.0 0 . 0 0 . 0 0.0 
13.0 26 5. 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
13.0 272 . 0 0.0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 
13 0 279 0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 
13 0 76 0 999 0 999 . 0 999 . 0 999 0 999.0 999.0 999 . 0 999.0 
13 . 0 78 . 0 0.0 0 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 
13 . 0 82 0 0 . 0 0.0 0 0 0.0 0 0 0 0 0 . 0 0.0 
13 0 B 5 . 0 0 . 0 0 0 0.0 0.0 0 0 2 0 0.0 2.0 
13 0 90 . 0 0.0 0.0 1 . 0 1 . 0 0 . 0 0.0 2.0 2.0 
13.0 96 0 C . O 2 . 0 0.0 2.0 0 . 0 0 . 0 0.0 0.0 
13 0 103 . 0 0 . 0 1.0 0 . 0 1.0 0.0 0.0 0 . 0 0 . 0 
13 0 110 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0 . 0 
13 0 117 . 0 999 0 999.0 999.0 999.0 999.0 999 .0 999 . 0 999.0 
13 0 125 . 0 999 0 999.0 999.0 999 . 0 999.0 999.0 ~99.0 999 .0 
13 . 0 133 0 999 .0 999.0 999.0 999.0 999.0 q99 . o 999.0 999.0 
13 0 142 0 999 . 0 999.0 999.0 999.0 999.0 999 . 0 999 . 0 999.0 
13 . 0 150.0 999 . 0 999.0 999 . 0 999.0 999.0 999.0 9q9.n 999.0 
13 . 0 159 . 0 0.0 0 . 0 2.0 2 . 0 0.0 0.0 0.0 0.0 
14 . 0 5 0 0.0 1.0 2 . 0 3 . 0 0 .0 0 . 0 2.0 2.0 
14.0 0 0 o.o 2.0 7.0 9 . 0 0 . 0 0.0 0.0 0.0 
14 . 0 5 . 0 0 . 0 1.3 2.7 4.0 0 . 0 0.0 1.0 1.0 
14.0 15 . 0 999.0 999.0 999.0 999 . 0 999.0 999 . 0 999.0 999.0 
14 . 0 25 . 0 0.0 1.0 2 . 0 3 . 0 0 . 0 0.0 3.0 3.0 
14 . 0 35 . 0 0 . 0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 
14 0 45 . 0 0.0 1.0 0 . 0 1.0 0 . 0 0.0 0 . 0 0.0 
14 0 55 . 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
14 0 65 . 0 0.0 0 . 0 2.0 2.0 o.n 0 . 0 0.0 0.0 
14 . 0 75 . 0 999 0 999 . 0 999 . 0 999.0 999 . 0 999 . 0 999.0 999.0 
14 . 0 85 . 0 0 . 0 0.0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 
14 0 95 . 0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 
14 0 105 0 0 . 0 0 . 0 0 . 0 0.0 0 .0 0 . 0 1 . 0 1. 0 
14 0 115.0 0.0 1.0 0 . 0 1.0 0 . 0 0 . 0 0 . 0 0 . 0 
14 () 125 0 0 . 0 3.0 0.0 3.0 0 . 0 0 . 0 0.0 0.0 
14 . 0 135 0 999 . 0 999 . 0 999 . 0 999 . 0 999 . 0 999 . 0 999.0 999.0 
14· 0 145 0 0 . 0 0.0 1.0 1 . 0 0 . 0 0.0 1 0 1.0 
.. 14 0 155 0 0 . 0 0 . 0 0.0 0 . 0 0.0 0 . 0 0 . 0 0.0 
14 . 0 165 . 0 0 0 0 . 0 0.0 0 0 0.0 0.0 0 .0 0.0 
14 . 0 165 0 0 . 0 0.0 1.0 1.0 0 . 0 0 . 0 0 . 0 0.0 
14 . 0 166 . 0 0.0 1 . 0 0 . 0 1.0 0 . 0 0 . 0 0.0 0 . 0 
14 0 168 0 0.0 0 . 0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 
14 0 170 . 0 0 . 0 1.0 0.0 1.0 0.0 0 . 0 0.0 0.0 
14 . 0 172.0 0 . 0 '0. 0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 
14 0 176 0 0 . 0 0 . 0 0 . 0 0.0 0 0 0.0 0.0 0.0 
14 0 179 . 0 999 . 0 999 . 0 999 . 0 999.0 999.0 999.0 999.0 999 . 0 
14 .0 183 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
14 . 0 188 . 0 0 . 0 0.0 0.0 0.0 0 .0 0 . 0 0.0 0.0 
- 14--
14 0 1qo . o 0 . 0 0.0 n.o 0 . 0 0.0 0 . 0 2 . 0 2 . 0 
14 . 0 196 . 0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 0 .0 
14 0 202 . 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
14 0 202 0 0.0 1 . 0 1 . 0 2 . 0 0 . 0 0.0 0.0 0 . 0 
14 . 0 209 0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 
14 0 212 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 
14 0 219 0 0 . 0 0 0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 
14 0 223 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 
14 . 0 226 0 999 0 999.0 99CJ.O 999 . 0 999 . 0 999 . 0 999.0 999.0 
14 0 230 0 9~9 . 0 999 . 0 999 . 0 999 . 0 999.0 999.0 999.0 999.0 
14 . 0 237 0 999.0 999.0 999.0 999.0 999 . 0 999.() 999.0 999 . 0 
14 . 0 244 0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 .0 
14 . 0 251.0 0.0 0.0 0 0 0.0 0.0 0.0 0 . 0 0.0 
14.0 258.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 
14.0 265 . 0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0.0 
14 . 0 272.0 0 0 0.0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 
14 0 279 . 0 0.0 0.0 0.0 2 . 0 0 . 0 0.0 0.0 0.0 
14 0 76 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
14 . 0 78 0 0.0 0.0 0.0 0 . 0 0 . 0 0 0 0.0 0.0 
14 . 0 R2 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 
14 0 AS. 0 0 . 0 0.0 1 0 1.0 n . o 0 . 0 0.0 0 . 0 
14 . 0 90 . 0 0 . 0 0.0 0 . 0 0 0 0 0 0 . 0 0 . 0 0 . 0 
14 . 0 96 . 0 0.0 0 0 0.0 0 . 0 0 . 0 0.0 0.0 0 .0 
14 0 103.0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 
14 . 0 110 . 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
14 . 0 117 . 0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 
14 0 125 . 0 99g . o 999.0 999.0 999.0 999.0 999 . 0 999.0 999 . 0 
14.0 135 . 0 999 . 0 q99.o 999.0 999.0 999 . 0 999.0 999.0 999.0 
14.0 142 0 999 . 0 999 . 0 999.0 999.0 999 0 q99 . o 999.0 999.0 
14 0 150 . 0 999 . 0 999.0 999 . 0 999.0 999.0 999 . 0 999.0 999.0 
14 . 0 159 . 0 999 . 0 999.0 999.0 999 . 0 999.0 999 . 0 999.0 999 . 0 
15 0 5 . 0 0.0 2.0 1.0 3.0 0.0 0.0 0 . 0 0.0 
15 0 0.0 1.0 1.0 3.0 5.0 0.0 2.0 2.0 4.0 
15.0 5 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 2.0 2.0 
15 . 0 15 . 0 2.0 1.0 4.0 7.0 0.0 0.0 2.0 2.0 
15 . 0 25 . 0 0.0 2.0 0.0 2 . 0 0 . 0 0 . 0 1.0 1.0 
15 . 0 35 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0 .0 
15 . 0 45.0 0.0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 
15 0 55 . 0 0.0 1.0 0 . 0 1.0 0.0 0.0 1.0 1.0 
15 0 65 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 1 . 0 1.0 
15 0 7t; . O 0.0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 
15 . () 8 5 . 0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 1 . 0 1.0 
15 . 0 95 . 0 0.0 1.0 2.0 3.0 0 . 0 0.0 0 . 0 0.0 
15 . 0 105 0 0.0 0 0 4.0 4.0 0.0 0.0 2.0 2 . 0 
15 . 0 1 1 5 0 0 . 0 2 .0 1.0 3 . 0 0 . 0 0 0 1.0 1 . 0 
15 0 125 0 0.0 2.0 6 . 0 A.n 1.0 0.0 1.0 2 .0 
15 0 135 . 0 0.0 1 0 1.0 2 . 0 0.0 0.0 0 .0 0.0 
15 0 145 . 0 0.0 2 . 0 3.0 5 . 0 0.0 0.0 1. 0 1.0 
15 0 155 . 0 0 . 0 0.0 0 . 0 0.0 0.0 n. o 0 . 0 0.0 
15 . 0 165 . 0 0 . 0 0.0 1.0 1.0 0.0 0.0 0 . 0 0 . 0 
15 . 0 165 0 0 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0 .0 
15.0 166 0 0 . 0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 
1 5 . 0 168 . 0 0.0 0.0 4.0 4.0 0 . 0 0 . 0 0.0 0.0 
15 . 0 170 . 0 0 . 0 0.0 1.0 1 . 0 0 . 0 0.0 0.0 0.0 
- IS-
15 . 0 172 . 0 0.0 0 . 0 1.0 1.0 0 0 0.0 0 . 0 0 . 0 
15 0 176 () 0 0 0.0 1 0 1.0 0 . 0 0.0 0 0 0.0 
1 5 0 180 . 0 0 0 0 0 0.0 0 . 0 0 0 o.n 0.0 0.0 
15 0 183 0 0 . 0 o.n 1 0 1 . 0 0 . 0 0 0 1 0 1 . 0 
1~ . 0 18R 0 0 0 0 . 0 0 . 0 0 . 0 0 .0 0.0 1 0 1.0 
15 . 0 190 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0.0 
15 0 196 . 0 0 . 0 0 . 0 0 . 0 () 0 0.0 0.0 1.0 1.0 
15 0 202 . 0 0.0 0.0 0 0 0.0 n o 0 0 1.0 1.0 
15 0 202 0 0 0 0.0 0.0 0.0 0.0 0 . 0 1 0 1 0 
15 0 209 . 0 0 . 0 0.0 1 0 1.0 0 0 0 0 0.0 0 . 0 
15 0 212.0 909 . 0 999 0 999 0 999 . 0 999.0 999 0 9q9 . 0 999 . 0 
15 n 219 0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 
15 . 0 223 0 0 0 1 0 0.0 1.0 0 . 0 0.0 0 . 0 0 .0 
15 . 0 226 . 0 0.0 1.0 0 . 0 1.0 0 . 0 0.0 0 . 0 0.0 
15 0 ?.30 0 0 0 0 . 0 0.0 0 0 0.0 0.0 0.0 0.0 
15 () 237 . 0 0 0 1). 0 0.0 0 0 0.0 0 . 0 0.0 0.0 
15 0 244 . 0 0 0 0 . 0 0 0 0 . 0 0.0 0.0 0.0 0 . 0 
15 0 251 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 1 0 1.0 
15 . 0 25R 0 0.0 0 0 o· o 0 . 0 0 0 0 0 0.0 0 . 0 
15 0 26 5 0 0 . 0 0 . 0 1.0 1 . 0 0 . 0 0 . 0 0 . 0 0.0 
15 () 272 0 0 0 0 . 0 0.0 0.0 o.n 0 0 0 . 0 0.0 
15 0 279 0 0 0 0 0 0.0 o.n 0 . 0 0 0 1 . 0 1.0 
1S n 7f. () 0 0 0 . 0 0 . 0 0 0 0 . 0 0 . 0 1 . 0 1.0 
1!' 0 7R 0 0 . 0 0 0 0.0 0 0 0 . 0 0 . 0 l 0 1.0 
15 0 82 0 0 0 0 . 0 0.0 0 . 0 0 . 0 0 0 0 . 0 0 . 0 
15 0 85 0 0 0 0 . 0 2 . 0 2 0 0 . 0 0 . 0 0.0 0.0 
15 0 90 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0 0 0 . 0 0.0 
15 0 96 . 0 0.0 1.0 0 . 0 1.0 0 0 0 . 0 0 0 0.0 
15 . 0 103 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 
15 0 110 0 0 . 0 0 . 0 0 0 0 . 0 0 . 0 0 () 0.0 0.0 
15 . 0 117 n 0 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0.0 
1 5 0 125 0 0 . 0 0 . 0 1 . 0 1.0 0 . 0 0.0 0.0 0.0 
15 0 133.0 0 . 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
15 0 142 0 0 . 0 1.0 0.0 1.0 0 0 0.0 0 0 0.0 
15 0 150 0 0.0 0.0 0 . 0 0.0 0 0 0.0 0 . 0 0 . 0 
15 0 159 0 999 0 999 . 0 999.0 999 . 0 999 . 0 999.0 999 0 999.0 
l 6 0 5.(1 0.0 0 0 0.0 0.0 0 . 0 0 0 0.0 0 . 0 
16 0 0 . 0 0 0 3.0 2 . 0 5.0 0.0 0 . 0 0 . 0 0.0 
16 . 0 5 0 0.0 0.0 2 . 0 2.0 0.0 0 . 0 0.0 0.0 
16 0 15 . 0 0 . 0 1.0 1.0 2 . 0 0 . 0 0 . 0 0.0 0.0 
16 . 0 25 . 0 0 . 0 0 . 0 2 . 0 2 .0 0 . 0 0 0 1 0 1.0 
16 0 35.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0 . 0 0.0 
16 0 45 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0 0 0.0 
16 . 0 55.0 0.0 0 0 1.0 1 0 0 . 0 0.0 1 . 0 1 . n 
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5 . 0 100 . 0 1 0 0 0 0 0 1 0 0 . 0 0 0 0 . 0 0 . 0 
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6 . 0 ?20.0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0 . 0 0 . 0 
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7 . 0 10 . 0 0 . 0 1.0 2.0 4 . 0 0.0 0 . 0 6.0 6.0 
7.0 15 . 0 0.0 1.0 0.0 1. 0 0.0 0.0 0.0 0.0 
7 . 0 20 0 0.0 1. 0 1 . 0 2.0 0.0 1.0 1.0 2.0 
7 . 0 30 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 . n 40 0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 
7.0 60 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 1.0 0.0 1.0 
7.0 AO 0 0 . 0 1.0 0.0 1.0 0.0 0 . 0 0.0 0 .0 
7 0 100.0 0 . 0 0.0 0.0 0.0 0 . 0 0 0 0.0 0.0 
. 7 0 120 0 0.0 1.0 0 0 1.0 0.0 0 0 0.0 0.0 
7.0 140 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 
7 . 0 1f>O 0 0.0 0.0 2.0 2 . 0 0.0 1. 0 3.0 5.0 
7 . 0 0 0 0.0 1.0 3.0 4.0 1. 0 1.0 3 0 5.0 
7 . 0 10.0 0 . 0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 
7 . 0 15 . 0 0 0 0.0 0 . 0 0.0 0.0 1.0 0 . 0 1.0 
7 .0 20.0 0 . 0 0.0 0.0 0.0 0.0 0.0 o .. 0 0.0 
7 .0 30 . 0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 
7 . 0 40.0 0 . 0 0.0 0.0 0.0 0.0 0 0 0.0 0 . 0 
7 . 0 60 . 0 0.0 0 . 0 1 0 1.0 0.0 0.0 0.0 0.0 
7 . 0 80.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 
7 . 0 100.0 0 . 0 1.0 0.0 1.0 0.0 0 . 0 1. 0 1.0 
7 0 120 0 0.0 1.0 0.0 1 0 0 . 0 0 . 0 0.0 0.0 
7 . 0 140.0 0.0 0 . 0 2 . 0 2.0 0 . 0 0.0 0.0 0.0 
7 . 0 160 . 0 0.0 1 . 0 0.0 1 . 0 0.0 1 . 0 1.0 2.0 
7 . 0 200 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 1.0 1 . 0 
7 . () 220 . 0 0 . 0 0 . 0 1 . 0 1.0 0.0 0 . 0 0.0 0.0 
7 0 240 . 0 0.0 0.0 0.0 0 . 0 0 . 0 2.0 0.0 2.0 
7 0 260 . 0 0.0 0.0 0.0 0.0 0.0 2.0 1.0 3.0 
7.0 280 0 0.0 0 . 0 1.0 1 . 0 0.0 1 0 0 0 1.0 
7 0 300 0 0.0 0 . 0 2.0 2 . 0 1 . 0 1.0 1.0 3.0 
7 . 0 320 0 0.0 1.0 0 . 0 1.0 0.0 1 . 0 0 . 0 1.0 
7 . 0 340 . 0 0 . 0 0.0 0.0 0.0 0.0 2 0 0 . 0 2.0 
7 0 360 0 1.0 0.0 0.0 1.0 0.0 1 . 0 0 . 0 1.0 
7 0 3AO.O 0 0 1 . 0 1.0 2.0 3.0 14 . 0 12 . 0 29.0 
7 . 0 200 . 0 0.0 0.0 1.0 1.0 4.0 6.0 0 . 0 10 . 0 
- '2.7-
7 . 0 220.0 0.0 0 0 0 . 0 0 . 0 o.n 1.0 1.0 ?..0 
7 . 0 240 . 0 0 . 0 0 . 0 1.0 1.0 1.0 1 0 0.0 2.0 
7 0 260 . 0 0 . 0 0.0 0 . 0 0.0 0 . 0 3 . 0 0 . 0 3.0 
7 . 0 280 .0 0 . 0 0.0 ? . 0 2 . 0 0 . 0 0.0 1.0 ]_() 
7 . 0 300 0 0 . 0 0 0 1 0 1.0 0 . 0 1.0 0.0 1.0 
7.0 320 0 0 . 0 0.0 1.0 1 0 0.0 0.0 0.0 0.0 
7 0 340 . 0 0 0 0.0 0.0 0.0 0.0 1. 0 0.0 1..0 
7 .0 360 0 0.0 0 .0 0.0 0 . 0 0 . 0 0 . 0 0.0 1.0 
7 0 3~0 0 0 0 1 0 0 0 1 0 0.0 0 0 0 . 0 0 . 0 
- 2~ -
V HI~! 1 q~HA TQTAL 
1 0 0 . 0 2 . 6 41.7 28.7 73 . 0 17 . fi 5.0 17 . 5 40.0 
2 0 10 . 0 4 0 19 0 22.0 45 0 2 . 0 19 . 5 20.5 42.0 
3 0 20.0 3 0 7 o 9 . 0 1q.o l.J 5 . fi 3.3 10 .0 
4 . 0 30 . 0 1.0 8 . 0 4 0 14 . 0 0 . 0 0 . 0 3 . 0 3.0 
5 . 0 40 . 0 0 0 f).O 6 0 11. 0 1.0 5 . 0 3 () 9.0 
6 0 60 0 3 . 0 5.0 3 .0 11 0 0.0 0.0 2 . 0 2.0 
7.0 80 0 2 . 2 7 6 2.2 12.0 0 . 0 1 0 3 . 0 4 . 0 
8 . 0 100 . 0 2.0 6.0 3.0 11 0 2 . 0 1 . 0 0.0 3.0 
9 0 1?0 . 0 0 0 6.0 4 0 10 () 0.0 4.0 5 . 0 9 . 0 
10 0 140 . 0 5 . 0 13.0 7 . 0 25 . 0 2 0 ].0 2.0 3.0 
11 0 160 0 0 0 4.0 5 . 0 9.0 0 .0 3 . 0 2.0 fi.O 
12 . 0 180 0 2.4 24 . 3 2 J . 9 51 . 0 1J . 0 11 0 2fi.O 48.0 
13 . 0 0 0 1 2 34 . 0 21 . 8 57.0 3.2 13 . 8 17.0 34.0 
14 0 10 0 6 0 18 . 0 23 . 0 48.0 f\.0 24 . 0 21.0 51.0 
15 . 0 20 0 2 . 0 9 0 3.0 14 . 0 3 . 0 2 . 0 1.0 6.0 
16 0 30 0 1 . 0 4 0 2.0 7.0 1.0 1 0 2.0 4.0 
17.0 40 0 0 . 0 5 0 1 0 6 . 0 0 0 2.0 0 . 0 2.0 
18 0 60 0 0.0 2 . 0 0 0 2 .0 2.0 0 . 0 3 0 5 . 0 
lq . o 80 0 0 0 ~ 0 1 . 0 9.0 0.0 2 . 0 1 0 3 . 0 
20 0 100 0 0 . 0 5.0 3 0 8 . 0 1.0 0 . 0 1 0 2.0 
21 0 120 . 0 1 0 3 . 0 1 0 5.0 0 . 0 1 0 0 . 0 1.0 
22 0 140 . 0 l 0 2 0 3 . 0 6 . 0 0 0 1 . 0 3 . 0 4.0 
23 0 160 0 0 0 2 .0 1.0 3 0 0 . 0 1 0 2 0 3.0 
24 0 1~0 0 4 6 #1 . 9 10 . 5 31.0 5 6 6 7 15.7 28.0 
25 0 0 0 7 0 23 . 0 19 . 0 49 . 0 6.2 19 . 5 14 4 40.0 
26 0 10 . 0 4.0 10.0 7 . 0 21 . 0 2 . 0 5 .0 6.0 13.0 
27 . 0 20 0 2 . 0 6.0 3 . 0 11.0 1 0 1 0 0 . 0 2.0 
28 0 30 0 0.0 7 . 0 4 . 0 11.0 2 . 0 0 . 0 1.0 3 . 0 
29.0 40 . 0 1.0 8 . 0 4 . 0 13.0 1 0 0 . 0 1 0 2 . 0 
30 0 60 0 1 . 0 6 . 0 2 . 0 9.0 0.0 0.0 1.0 1.0 
31 0 80 0 1 . 0 5.0 3 . 0 9 . 0 2.0 0.0 2 . 0 4 . 0 
32 0 100 0 1 . n 5 . 0 2 . 0 8.0 1 . 0 0.0 1.0 2.0 
33 0 120 0 0 . 0 9 . 0 4 . 0 13.0 1 0 1 0 2.0 4.0 
34 0 140 . 0 2.0 7.0 3.0 12 . 0 0.0 2.0 0.0 2 . 0 
35 . 0 160 0 2 . 0 5.0 9 . 0 10 . 0 0 . 0 4 . 0 1 . 0 5.0 
36.0 180 . 0 4 . 0 11.0 14 . 0 29 .0 9.3 14.4 14 . 4 37.0 
37.0 200 . 0 2.0 9 . 0 2 . 0 13 . 0 1.0 0 . 0 1.0 2 . 0 
38 . 0 220 . 0 5 . 0 15.0 6.0 26 . 0 2.0 3.0 2.0 8 0 
39 0 240 . 0 1. 0 2.0 3 . 0 6.0 1 0 3.0 2 0 6 . 0 
40 0 260 0 0 0 4.0 4 . 0 8 . 0 2.0 4.0 2.0 8 . 0 
41 . 0 280 0 3.0 4.0 4 . 0 11.0 0.0 3.0 1.0 4.0 
42 . 0 300 . 0 0 0 7 . 0 4.0 11 . 0 2.0 3 0 2 0 7.0 
43 0 320 . 0 1.0 5 . 0 2.0 q,o 3 . 0 3 0 0.0 6.0 
44 . 0 340 . 0 3.0 10.0 3 . 0 16.0 1 . 2 2 . 4 2 . 4 6 . 0 
45 0 3fi0 0 9 8 9.8 4.4 24 . 0 0.0 5 . 0 6 . 0 11.0 
46 0 380 0 10 . 0 20.0 20.0 50 . 0 18 0 55.0 39.0 112. 0 
47 . 0 200 0 4 . 1 1q 7 5.2 29 . 0 7 0 13.0 4 . 0 24.0 
48.0 220 0 4 0 16.0 2.0 22.0 0.0 4.0 3 . 0 7.0 
49 .0 240 . 0 3.0 10.0 7 . 0 20 . 0 2.0 2 0 5.0 9.0 
50 . 0 260 . 0 0.0 A 0 3 . 0 11.0 0.0 3 . 0 1 0 4.0 
51 . 0 280 0 0 . 0 5.0 6 0 11 . 0 1 0 1. 0 2.0 4.0 
52 . 0 300 . 0 4 . 0 3 0 7 . 0 14 . 0 2 . 0 2.0 0 . 0 4.0 
53 . 0 320 0 1 1 11 . 8 2 . 1 15.0 4 . 8 1.2 0 . 0 6.0 
54 .0 340 . 0 2 . 1 8 . 4 9 . 5 20 . 0 1.0 1fi.O 11. 0 28.0 
55 0 360 0 2.7 5 . 4 10.9 19 . 0 0.0 3.0 6 . 0 9.0 
~~- 0 3SO . O 4 - 0 'a . () 17. 0 2.9. 0 7.0 ,, .0 12.·0 ~5". 0 
VENN 19P1B 
TIME DIST F1+3 F5 Fl' FT ~1 M2 M3 MT 
9 0 60 . 0 0 0 2 . 0 4 0 6 0 5.7 6.9 11. 4 24.0 
9 0 50 0 0 0 1.0 2 . 0 3 . 0 2 . 0 n 0 5.0 13.0 
9 0 40 . 0 1 . 1 5 . 7 9 . 1 16 0 5 . 0 3 . 0 0 0 8 0 
q .o 30 0 0 .0 6 0 7 .0 13 0 2 0 3 0 0.0 5.0 
9 0 20 . 0 0.0 3 . 8 10.2 14 . 0 2.0 n . O 0 . 0 3.0 
9 . 0 10 0 0 . 0 10 0 4 0 14.0 0 .0 4 . 0 1 . 0 5.0 
9.0 0 . 0 0 0 2 2 10 . A 13 . 0 1 . 0 1 0 1 0 3 . 0 
9 . 0 0.0 0 0 1 1 0 22 . 0 33.0 7 . 0 13 . 0 4.0 24.0 
9 . 0 0 . 0 0.0 10.0 9.0 19 0 2 0 10 . 0 1. 0 13 . 0 
9 . 0 0 0 0 . 0 6.0 11 . 0 17 0 0 . 0 P. O 9 . 0 17.0 
9.0 ] 0 0 0 . 0 8 . 0 21 . 0 29.0 n.o 16.0 5 0 27 .0 
9 0 20 . 0 0 . 0 11 0 15.0 26.0 0.0 1 7 3 . 3 5.0 
9 . 0 30.0 1.1 7.4 8.5 17.0 3 0 5.0 2.0 10.0 
9 . 0 40 . 0 0 . 0 A. O 10.0 1A .O 1.0 3 .0 6 .0 10.0 
9.0 50 . 0 2.0 3 0 7 . 0 12 . 0 2 .0 3 .0 1 . 0 6 . 0 
9.0 60 . 0 0.0 4.5 4 . 5 9.0 0 .0 5 . 0 5.0 10.0 
9.0 70 . 0 1 . 0 2 . 0 5 . 0 8.0 1.0 4.0 0 . 0 5.0 
9 . 0 80 0 0.0 3 . 0 3 . 0 6.0 0.0 2.0 4 . 0 6.0 
9 0 90 . 0 0.0 2.0 2.0 4 . 0 2 . 0 5.0 3.0 10.0 
9.0 100 . 0 1. 0 3.0 3 . 0 7.0 0.0 3 . 0 2.0 5.0 
9 0 110 0 0 . 0 5.0 7 . 0 12 .0 0.0 6.5 6.5 13.0 
9.0 120 . 0 1.0 1 0 0 0 2.0 2.0 1 0 0 . 0 3.0 
9 . 0 130 0 0 . 0 0 . 0 4 . 0 4.0 0.0 4 . 7 2 . 3 7.0 
9.0 140 . 0 0.0 1.0 4.0 5.0 1 0 4.0 2.0 7.0 
9.0 150 . 0 0.0 1.0 1.0 2.0 0 . 0 1.0 1.0 2.0 
9.0 160.0 0.0 2 . 0 1.0 3 . 0 1.0 5 . 0 1.0 6.0 
9 . 0 170 . 0 0 . 0 3 0 4.0 7.0 4 . 0 3 . 0 1.0 8.0 
9 . 0 180 . 0 0 . 0 3 0 3.0 6.0 1 . ] 10.7 4 . 3 16 . 0 
9.0 1QO 0 0.0 4 . 0 2 . 0 6.0 7.0 17.0 5 . 0 29.0 
9.0 200 0 0 .0 1.3 3 . 8 5.0 4 . 0 37 . 0 20.0 61.0 
9.0 210 0 1 . 0 0 . 0 1 . 0 2 .0 1.1 1.1 5 . 7 8.0 
10 0 60 . 0 0.0 2.0 9 0 11.0 0 . 0 Fl.1 10 . 4 15.0 
10 . 0 50 0 0 . 0 1.0 6 . 0 7 . 0 0 . 0 1.3 2. 7 4.0 
10 . 0 40 . 0 0 . 0 3 . 3 6 . 7 10.0 0 . 0 3 . 0 0 . 0 3.0 
10 . 0 30 0 1.0 2.0 9.0 12.0 0 . 0 2.0 2 . 0 4.0 
10 0 20 . 0 2 . 0 3.0 6 . 0 11.0 1 . 3 3 . A 0 . 0 5.0 
10.0 10.0 0.0 5 . 0 7 . 0 12.0 0.0 0.0 0.0 4.0 
10 . 0 0 . 0 1.0 1 . 0 7 . 0 9 . 0 1 . 5 1 . 5 0 . 0 3.0 
10 . 0 0 . 0 999 . 0 999.0 999 0 999.0 999.0 999.0 999 . 0 999.0 
10 0 0 . 0 4.0 6.0 12 . 0 22.0 2.A 4 . 2 2 . A 7.0 
10 . 0 0 . 0 1 . 2 2 . 4 9 . 5 13 . 0 0 . 0 8.8 2 . 2 11.0 
10 0 10 0 1.0 7.0 15.0 23.0 10 0 8 . 0 0.0 1A.O 
10 . 0 20 . 0 1.1 4 . 4 4 . 4 10 . 0 0 . 0 3.0 1 . 0 4 . 0 
10 0 30 . 0 1.0 2.0 14 . 0 18 . 0 2.0 12 . 0 2 . 0 16. 0 
10 . 0 40.0 0.0 3 . 0 13 . 0 18.0 1.0 9.0 2.0 12.0 
10 0 50 . 0 2.0 8.0 15.0 25 .0 6 .0 4.0 1.0 11.0 
10 0 60 . 0 2 . 0 7.0 16.0 25.0 1 . 0 5.0 2.0 8.0 
10 . 0 70.0 0.0 3.6 15.4 19 0 0.0 3 . 0 3.0 6.0 
10 . 0 80 . 0 999 . 0 ~9~ . 0 999.0 999 . 0 999.0 999.0 999.0 999.0 
10 . 0 90 0 1.0 4.0 14 0 19.0 2 . 0 13 . 0 1 . 0 16.0 
10 . 0 100 0 1.0 2 . 0 6.0 9.0 4.0 4.0 0 . 0 8.0 
10 . 0 110 . 0 0 . 0 1.0 3 . 0 4 . 0 0 .0 0.0 0 . 0 2 . 0 
- 'lO-
10 0 120.0 0.0 1.0 4.0 5 . 0 0.0 6 . 7 3 3 10 . 0 
10 . 0 130 . 0 0 . 0 4.2 2 . ~ 7 . 0 O.fl 2 . ~ 2 . 5 5.0 
10 0 140 n 1.0 3 0 5.0 9 . 0 2 . 0 5 .0 2.0 9.0 
to . n 150 . 0 0 0 3 . 0 7 0 10 . 0 0.0 1.0 1 0 2.0 
10 . 0 160 0 1.0 0.0 2.0 3.0 1.0 3 . 0 0 . 0 4,0 
l () 0 170 0 0.0 1.0 2.0 3 . 0 t; , () 2.0 1.0 8 . 0 
10 0 1RO . O 0.0 4 .0 3.0 7.0 0 o 3.0 1 . 0 4.0 
10 0 190 . 0 c.o 0 . 0 2 . 0 2 . 0 0 o 11.2 7 .8 19 . 0 
10 . 0 200 . 0 0.0 0.0 4.0 4 . 0 1.3 18.2 6.5 2o.o 
10 . 0 210.0 0.0 4.0 5.0 9 . 0 0.0 4.0 12.0 16.0 
11 . 0 60 0 0.0 1.0 9.0 10.0 3 . 6 4.9 8.5 17.0 
11.0 50 0 1.0 3.0 10.0 14.0 0 0 10.7 1.3 12.0 
11 0 40 0 1 . 1 5.6 2.3 9 . 0 1 . 8 5 . 3 0.0 7.0 
11 . 0 30 0 6 . fi 5 5 11 0 23 . 0 7.0 2 . A 0 . 0 7 . 0 
11 . 0 20 . 0 0.0 3 0 3.0 6.0 1.0 1.0 0.0 2.0 
11 0 10.0 2.0 2.0 18 0 22.0 2.5 6 . 3 1.3 10.0 
11 . 0 0.0 0.0 4 7 8.3 13 0 0.0 2.8 4.2 7 . 0 
11.0 0 . 0 999 . 0 999 . 0 999.0 999.0 999 . 0 0 99 . 0 999.0 999 . 0 
11.0 0 0 999.0 999 . 0 999.0 999 . 0 999.0 999 . 0 999 . 0 999.0 
11 0 0 . 0 3 . 1 6.3 13.6 23.0 3. 1 6.2 4.7 14.0 
11 (I 10 .0 0.0 2 6 10.4 13.0 0.0 5.3 1.8 7.0 
11.0 20 . 0 0 . 0 9 . 4 11. 5 21.0 2.0 6 . 0 2 . 0 10.0 
11 . 0 30 . 0 0 . 0 ~ . 4 10.6 19.0 o.n 5. 7 4.3 10.0 
11.0 40.0 2. 1 10.4 11. 5 24.0 1.1 6 . 6 3.3 11.0 
11 0 50 . 0 0.0 8.0 10 . 0 18 . 0 1 . 3 2 . 5 1.3 5.0 
11.0 60 . 0 2.4 3 . 6 16 . 9 23.0 1.7 3.3 0.0 5.0 
11 . 0 70 . 0 0 . 0 1.3 8 . 8 10.0 1 . 5 1.5 3.0 6.0 
1 1 0 80 0 1 0 2 . 0 10.0 13.0 0.0 0.0 1 0 1.0 
11 . 0 90 . 0 0.0 5 . 5 5 . 5 11.0 0 . 0 5 . 0 5 . 0 10 . 0 
11. 0 100 . 0 0 . 0 3 . 2 9 . 7 14.0 4.5 1.5 0 . 0 6.0 
11 . 0 110 0 1.0 1.0 5 . 0 7 . 0 0 . 0 0.0 0 . 0 0.0 
11 . 0 120 0 0.0 0 . 0 5.0 5 . 0 5.3 1.8 0.0 7.0 
11.0 130 . 0 0.0 1.2 4 . ~ 6.0 1.0 2 0 1 0 4 . 0 
11 0 140 0 0 . 0 0.0 8.0 8.0 0.0 2.0 1.0 3.0 
11.0 150 0 0.0 0.0 6 . 8 9.0 1 3 3.8 0.0 5.0 
11 . 0 160 0 0 . 0 0 . 0 8 .0 8 . 0 0 . 0 7 8 6 . 2 14 . 0 
11.0 170 . 0 0 . 0 0.0 3.0 3.0 0.0 5 . 4 3.6 9.0 
11 . 0 180.0 1.0 0.0 5 . 0 7 . 0 4.7 14 . 1 6.3 25.0 
11 . 0 190 0 0.0 0.0 6 . 0 6.0 0 . 0 1.9 15. 1 17.0 
11.0 200 . 0 0.0 0.0 2.0 2 0 6.4 27.7 14.9 49.0 
11.0 210 0 0 . 0 0 . 0 2.0 2 . 0 0 . 0 2.5 2.5 5.0 
12 0 60 . 0 • 0.0 2.0 8.0 10 . 0 0.0 7. 7 10 . 3 18.0 
12 . 0 50 0 0 . 0 0.0 4.0 4.0 2 . 0 4.0 0.0 6.0 
12 .0 40 . 0 3 . 0 3.0 7.0 13.0 1.2 4 . 7 2.3 7 0 
12 . 0 30.0 0 . 0 2.0 9.0 11.0 0 . 0 1.5 1. 5 3.0 
12 0 20.0 2 . 4 3. 6 6.0 12.0 0.0 4.0 0.0 4 . 0 
12 . 0 10 . 0 1.1 5.3 13.7 20.0 0.0 6 . 0 0.0 6.0 
12 0 0 . 0 0 . 0 1.6 6 . 4 8 . 0 ,0 . 0 4.0 0.0 4 .0 
12 () 0 . 0 999 0 999 . 0 999.0 999.0 999 . 0 999.0 999.0 999.0 
12 0 0 . 0 999.0 999 . 0 999.0 999.0 999.0 999.0 999.0 999.0 
12 . 0 0 . 0 0 0 6.8 2.3 9 . 0 0 . 0 3.0 4.0 7.0 
12 0 10 . 0 4 0 7 . 0 6.0 17.0 1 . 2 5.9 5.9 13.0 
12 . 0 20 0 1 . 0 9 . 3 20.7 31.0 0.0 5. 1 3.9 9 . 0 
12 . 0 30 . 0 1.3 1 3 11.5 14.0 1.8 3. 7 5.5 11.0 
- 31-
12.0 40 . 0 0.0 ?.6 6.4 Q.O 3.4 3.4 5 . 1 12.0 
12.0 50 0 1.0 A.O 9.0 18.0 1 . 0 7 .0 5 . 0 13.0 
12 . 0 60 0 5 . '5 4 2 12.5 18.0 2 . 0 2.0 2.0 6.0 
12 0 70 0 0.0 1.0 6 . 0 8 . 0 0 0 5 . 0 o.o 5.0 
12 0 AO . O 0 0 1 3 3.8 5 . 0 0.0 2 . 4 3 . 6 6.0 
12 0 90 0 1.4 2.8 2.8 7 . 0 1 4 7 . 0 5 . f\ 14.0 
1 2 0 100 0 0 . 0 2.3 5. 7 8 . 0 0.0 0.0 5 . 0 5.0 
12 . 0 110 . 0 0.0 2.0 6 . 0 8.0 1 . 0 2.0 1.0 4.0 
12 . 0 120 . 0 0 . 0 1 . 3 1.3 4.0 0.0 4 2 2 . A 7.0 
12 . 0 130 0 1 . 0 0 . 0 3.0 6.0 2.0 2 . 0 2.0 6.0 
12 0 140 . 0 0 . 0 0.0 2.0 2.0 1.0 1.0 1.0 3 0 
12 0 150 . 0 2 . 0 0.0 4 . 0 6.0 1.0 1 0 1 . 0 3.0 
12 . 0 160 . 0 0 . 0 1.2 9.8 11.0 2.3 4.7 7.0 14.0 
12 . 0 170 . 0 0 .0 3.8 6.3 10.0 0 . 0 4.9 3. 7 11.0 
12 0 180 . 0 0.0 1.0 5 0 6.0 0.0 4.5 3 . 0 6.0 
12 0 190 0 0.0 1. 7 3.3 5.0 0 . 0 1.7 8.3 10.0 
12 0 200 . 0 1.0 3.0 0.0 4 0 0 . 0 11. 7 14.3 26.0 
12 0 210.0 1.0 1.0 0.0 2 . 0 1 . 3 5. 1 2.6 9 . 0 
13 . 0 60 0 0.0 1 3 11 7 13 . 0 0 . 0 2 . 6 6.4 9.0 
13 . 0 50 0 0.0 2 . 0 1 . 0 3.0 0 . 0 2.0 5.0 7.0 
13 0 40 . 0 0 . 0 0.0 0.0 0.0 0.0 2 . '1 2 . 5 5.0 
13 . 0 30 0 0 . 0 3. 5 3 . 5 7.0 0 . 0 0 . 0 2.0 2.0 
13 . 0 20 0 0.0 4 . 0 Jl.O 16.0 0.0 1. 0 3.0 4.0 
13 . 0 10.0 0.0 1 1 7.9 9.0 0 0 0.0 3.0 3.0 
13.0 0.0 0 . 0 2.0 1.0 3 0 0.0 1 . 0 1.0 2.0 
13.0 0 . 0 999.0 999 . 0 999.0 999.0 999.0 999 . 0 999 . 0 999.0 
13 . 0 0.0 999.0 999.0 999.0 999.0 999.0 999.0 999 0 999.0 
13 0 0 0 o.o 0.0 6.0 6.0 0.0 0.0 0.0 0.0 
13 . 0 10 . 0 o.o 0.0 A.O 8.0 0 . 0 0.0 0.0 1.0 
13 . 0 20.0 0 . 0 0.0 5.0 5.0 0.0 0 . 0 4 . 0 4.0 
13 . 0 30 . 0 0 .0 3.4 4.f5 8 . 0 0 . 0 1 . 0 2 . 0 3.0 
13 0 40 . 0 99Q . O 999.0 999.0 999.0 999.0 999.0 999.0 999.0 
13 . 0 50 . 0 0.0 2.0 10.0 12.0 0 . 0 0.0 5.0 5 . 0 
13 . 0 60.0 0 . 0 0.0 9.0 9 . 0 0 .0 0 . 0 6.0 6.0 
13 . 0 70 .0 0 . 0 1 0 6.0 7 . 0 0.0 0.0 1.0 1.0 
13 0 80.0 0 . 0 2 . 5 2.5 5 0 0 . 0 0.0 0.0 0.0 
13.0 90.0 999 . 0 999.0 999.0 999.0 999.0 999 . 0 999.0 999.0 
13.0 100 . 0 0.0 2. 3 5.7 8.0 0 . 0 0.0 5.0 5.0 
13.0 110.0 0.0 1 . 0 3.0 4 . 0 0 . 0 0.0 1.0 1.0 
13.0 120.0 0.0 1.0 0.0 1.0 0.0 0.0 3.0 3.0 
13.0 130.0 0.0 1.0 0.0 1.0 0.0 0.0 1.0 1.0 
13 0 140 . 0 o.o 0.0 3.0 3.0 0.0 0.0 2.0 2.0 
13.0 150 . 0 0 . 0 1.3 3.8 5.0 0.0 1 . 0 6.0 7.0 
13 0 160 0 0 . 0 0.0 0.0 4.0 0.0 0.0 5.0 5.0 
13 . 0 170 . 0 0.0 0.0 7.0 7.0 0 . 0 0 . 0 5.0 5.0 
13 . 0 180 . 0 0.0 0.0 4.0 4.0 0.0 0.0 3 . 0 3.0 
13 0 190 . 0 0.0 1.0 5.0 6 . 0 1.3 1.3 7 . 5 10.0 
13 . 0 200.0 999 0 999 . 0 999 . 0 999.0 Q99.0 999.0 999.0 999.0 
13 0 210 . 0 0 . 0 1.0 0.0 1 0 0.0 0 . 0 0.0 0.0 
14 0 60 0 0.0 1 1 9 . 9 11.0 0 . 0 1.0 2.0 3.0 
14 . 0 50 . 0 0.0 1.0 5.0 6.0 0.0 1.0 3 .0 4.0 
14 0 40 . 0 0 0 0.0 5.0 5 . 0 0.0 0.0 0.0 0.0 
14 . 0 30.0 0 0 1 . 0 4 0 5.0 1.3 0.0 2.7 4.0 
14 . 0 20 . 0 0 . 0 0 0 2 . 0 2.0 0 . 0 3.3 1. 7 5.0 
- s2-
14 . 0 10 . 0 1 . 0 1.0 fi.O 8 . 0 0.0 1.0 2.0 3.0 
14 0 0.0 0.0 0.0 6.0 fi . O 0.0 0.0 1.0 1.0 
14 0 0 . 0 9C)9 . o 999 0 999 .0 999 .0 C)99.0 999 .0 999 . 0 999.0 
14 0 0 0 999 0 999.0 999 . 0 999.0 999 . 0 999.0 999.0 C)99.0 
14 () 0 0 0 0 0.0 6 . 0 6.0 0 0 1. 0 0.0 1.0 
14 . 0 10 . 0 0.0 1.0 5.0 6 . 0 0 . 0 0 . 0 2.0 2 . 0 
14 . 0 20 . 0 0 . 0 1 . 1 8 . 9 10.0 0 . 0 1.2 4 . 8 6 . 0 
14 . 0 30 0 0 . 0 1.(1 4.0 5.0 0 . 0 0 . 0 6 . 0 6 . 0 
14 0 40 . 0 0 . 0 1.0 7.0 8.0 0 . 0 0 . 0 4.0 4.0 
14.0 50.0 0 . 0 4 . 0 A. O 12 . 0 0.0 0.0 2.0 2.0 
14 . 0 60 0 0.0 1.1 7.9 9 . 0 0 . 0 0 . 0 3 . 0 3.0 
14 . 0 70 . 0 0.0 0 . 0 5.0 5.0 0.0 0.0 1.0 1.0 
14 0 80 . 0 0 . 0 1.0 4.0 5.0 0.0 0.0 0 . 0 0 . 0 
14 0 90 . 0 0 . 0 0.0 5 . 0 5.0 0.0 1. 0 2.0 3.0 
14 0 100.0 0 . 0 0.0 4.0 4.0 0 . 0 1.3 2.7 4.0 
14 . 0 110 . 0 0 . 0 0.0 0.0 0.0 o.n 0 . 0 0.0 0.0 
14 . 0 120 . 0 0.0 1.0 4.0 5 . 0 1.0 1 . 0 2.0 4.0 
14 . 0 130.0 0.0 0.0 4.0 4.0 0 .0 0 . 0 0.0 0.0 
14 . 0 140 . 0 1.0 0 .0 3.0 4.0 0.0 0.0 1.0 1 . 0 
14 0 150.0 0.0 0.0 0.0 0.0 0.0 0 . 0 2.0 2.0 
14 0 160 . 0 0.0 0.0 2.0 2.0 0.0 1.7 3.3 5.0 
14 . 0 170 0 0 . 0 0 . 0 3 . 0 3 . 0 0.0 2.8 4.2 7.0 
14 0 1AO 0 0 . 0 0.0 3 . 0 3.0 0.0 2 . 0 1.0 3.0 
14 0 190 0 0.0 l . 0 1 . 0 2 . 0 0 . 0 3.3 6.7 10.0 
14 . 0 200 0 0 . 0 0 . 0 1 . 0 0.0 0 0 10 . 0 5.0 15.0 
14 . 0 210 0 0 0 0.0 0.0 0 . 0 0.0 0.0 1 0 1.0 
V DIN 1981B TOTAL 
1 . 0 60 0 0.0 9.6 51.4 61 . 0 9.5 30 . 9 4~.7 89.0 
2 0 50 0 1 . 0 8 . 0 2R.O 37 0 3 5 23 . 6 18 . 9 4fi.O 
3 . 0 40 0 5 4 17 3 30 . 3 53 . 0 A 3 15 4 2.4 26.0 
4 . 0 30 0 7 3 19 . 8 43 . 9 7] . 0 9 . 4 9.4 ~ - 2 27.0 
5 0 20 0 5 . 4 17 4 3R.1 ~ 1 0 4 9 18 .3 4.9 28.0 
6 0 10 0 4.1 24.6 56.3 85.0 3.0 19 . 2 A.Q 31 . 0 
7.0 0 . 0 1.1 11 . 3 39 Fi 52 . 0 2.7 8 0 9 . 3 20 . 0 
R. O 0 0 0 0 11.0 22.0 33 . 0 7.0 13 . 0 4 . 0 24.0 
9 0 0 . 0 4.0 ]6 . 0 21. 0 41 0 4.0 13 . 0 3 . 0 20.0 
10 0 0 . 0 4 . 4 21 . A 47.9 74.0 2.3 27 . 3 20 . 5 50.0 
11 0 10 . 0 5 . 2 2 6 . J f\4 7 96.0 1~ . 6 3 5. 1 14 . 3 68.0 
12.0 20 0 2. 1 36 1 64.8 1 0 3. 0 2. 5 1R.4 17 . 2 38.0 
13 . 0 30 0 4.3 23.8 52.9 R1 0 7 . 0 28 .0 21.0 56.0 
14 0 40 0 4 .8 28 . Q 55.3 A9 . 0 5.6 22.5 25 9 ?4.0 
15 0 50 0 5 . 0 33.0 59 . 0 97 0 10.2 Ui 4 16.4 43.0 
16 0 60 0 9. l 20.6 66.3 96 . 0 3 . 7 15 9 18.4 3A.O 
17.0 70 . 0 ?. . 2 A A 46.0 57 . 0 2 .5 12 . fi R.8 24.0 
1R 0 80 0 1.1 9 . fi 23 . 4 34.0 0 .0 4.3 R 7 13.0 
1Q 0 QO 0 2 . 4 13 .0 30 . 7 46.0 5.6 31 fi 15.R 53.0 
20 0 lOO 0 3 . 3 13 . 0 33.7 50.0 8.3 10 . 6 14 . 1 33.0 
21 0 110 . 0 1 .0 Q. O 25 .0 35 . 0 1 ?. 9.4 Q. 4 20.0 
22 0 120 0 2.2 4 4 15.4 22 . 0 8. 3 13.8 11 . 0 33.0 
23 0 130 . 0 3 4 5 . 6 19 0 28 . 0 3.6 11.9 9 . 5 25.0 
24 . 0 140 . 0 2.0 4.0 25 . 0 31 .0 4.0 14 . 0 7.0 25.0 
25 . 0 150 0 2 . 1 7 . 5 22 . 4 32 0 2 . 2 7 . 7 11 . 1 21.0 
26 0 160 0 1.1 3 . 4 26.4 31 . 0 5 . 2 23 . 2 20.6 49.0 
27 0 170 0 0.0 ~ 0 25 . 0 33.0 11 2 17 4 17.4 46.0 
28 0 1AO . O 1.1 9 6 22.4 33 . 0 5 . 1 34 . 2 16 5 57.0 
29 0 190 0 0 0 9 5 17 . 5 27 .0 9.7 40.2 4 5 . 1 95.0 
30 0 200 0 1.1 5 . 3 10 . 6 17.0 10 . 2 105.7 61 1 177 .0 
31 0 210 0 2 . 1 5 . 3 8.5 16 . 0 2 . 7 12 l 24 . 2 39.0 
- 3-'t -
GREAT E N G l E B 0 U R ~! E 19A1A 
T It~E DIST F1+3 F5 F6 FT M1 M2 M3 MT 
1 0 5 0 1.0 1.0 4.0 6 . 0 17.0 7.0 5.0 29.0 
1.0 5 0 2 0 0.0 0 . 0 2 0 4.0 2.0 1 .0 7.0 
1 0 10 0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 .0 0.0 0.0 
1 . 0 10 . 0 0.0 0 . 0 0.0 0.0 0 .0 0.0 0 . 0 0.0 
1.0 20 . 0 0 . 0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 
1.0 20.0 0.0 0 . 0 0.0 0.0 0.0 0 0 0 . 0 0.0 
1 . 0 30 0 0 . 0 0.0 0 . 0 0.0 0 . 0 0.0 0 . 0 0 . 0 
1 0 30 . 0 1.0 0 . 0 0 . 0 1.0 0 . 0 0.0 0 . 0 0.0 
1 0 40 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 
1 0 40 0 0.0 0.0 0.0 0.0 0.0 0 0 0 . 0 0.0 
1. 0 60 0 0 . 0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 
1.0 1;0 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 
1 0 RO 0 0.0 0 0 0 . 0 0.0 0 0 0.0 0.0 0.0 
1.0 RO 0 0 0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 0 . 0 
1 . 0 100 0 0 0 0 . 0 0 0 0 0 0 . 0 0 .0 0.0 0 . 0 
1.0 100 . 0 0 0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 
1 . 0 120 . 0 0.0 0 . 0 0.0 0 0 0.0 0.0 0.0 0.0 
1 0 120.0 0.0 1.0 0.0 1 0 0 . 0 0 . 0 0.0 0 . 0 
1 0 140 0 0 . 0 0.0 0 0 0 . 0 0 . 0 0.0 0.0 0.0 
1 0 140.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0 . 0 
1 0 160.0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 
1 0 160.0 0 . 0 0.0 0.0 0 . 0 0.0 0 0 0.0 0.0 
1 . 0 1AO 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 
1.0 180 . 0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 0.0 0 . 0 
1 0 200 . 0 0 .0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 0.0 
1.0 200.0 0.0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 
1 0 220 0 0 . 0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 
1 . 0 220 0 0 . 0 0.0 0 . 0 0.0 1.0 0 . 0 0 . 0 1.0 
1 . 0 240 0 0.0 1 . 0 0.0 1.0 1.0 0.0 0.0 1.0 
1 . 0 240.0 0 . 0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 
1 . 0 260.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 . 0 260 . 0 0.0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 
1.0 280 . 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
1 0 280 . 0 0 . 0 0 0 0 0 0 . 0 0.0 0 . 0 0.0 0.0 
1.0 300 . 0 0 0 0.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 
1 0 300 . 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
1 . 0 320.0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0. 0 
1.0 320 . 0 0.0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 
1 . 0 0 . 0 2 . 0 4.0 1.0 7.0 4 . 0 6.0 4.0 14.0 
1 . 0 0 . 0 1 . 0 5.0 2.0 8.0 3.0 2.0 4.0 9 . 0 
1. 0 0 0 2 . 0 3 . 0 1.0 6.0 1 0 5.0 1.0 7•. 0 
1 . 0 0 . 0 0 . 0 1 . 0 0.0 1.0 2 . 0 0 . 0 1 . 0 3.0 
1.0 0 0 4 . 0 2.0 4 . 0 10 . 0 2.0 9.0 2.0 12.0 
1. 0 0 . 0 0 . 0 3.0 0.0 3.0 2.0 5.0 8 . 0 15. 0 
1 0 0 . 0 0 . 0 4.0 0.0 4.0 1 . 0 4 0 7 .0 12.0 
1 . 0 0 . 0 3.0 2.0 1.0 6.0 5.0 5 . 0 2.0 12.0 
1 0 0.0 2 0 0.0 2.0 4.0 7 . 0 13 . 0 10.0 30 . 0 
2 . 0 5 0 0 . 0 1.0 1 . 0 2.0 2. 7 1 3 4 . 0 8.0 
2 0 5 0 0 0 1 . 0 1.0 2.0 2.4 2 . 4 1.2 6 . 0 
2 0 10 . 0 1.0 0 . 0 0 . 0 1.0 1.0 0 . 0 0 . 0 1.0 
2.0 10 . 0 1 . 0 0 . 0 1 . 0 2.0 0.0 0 . 0 1.0 1.0 
2.0 20 0 1 . 0 0.0 0 . 0 1 0 0 . 0 d.O 8:8 d.o 2 . 0 20 . 0 0.0 0 . 0 1.0 1.0 0 . 0 . 0 . 0 
-35-
2.0 30 0 2.0 0 .0 0.0 2 . 0 0 . 0 0.0 0.0 0 . 0 
2 .0 30.0 0 . 0 3.0 0.0 3.-0 0.0 0.0 0.0 0.0 
2 . 0 40 0 0 0 1 . 0 0 . 0 1.0 1. 0 0 . 0 0.0 1.0 
2 0 4.0 0 . 0 0.0 1. 0 1.0 1.0 2.0 0 . 0 3.0 
2 . 0 6 . 0 0 . 0 0.0 0 . 0 0.0 0 .0 0 . 0 0 . 0 0 . 0 
2 .0 6 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 
2 . 0 8.0 0 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 
2 . 0 8 . 0 0.0 o.o 1.0 1.0 0.0 0 . 0 0 . 0 0.0 
2 . 0 10 0 0.0 0 . 0 0 . 0 0 . 0 0.0 0.0 1.0 1.0 
2 0 10.0 0.0 2.0 0.0 2 . 0 0.0 0.0 0 . 0 0 . 0 
2.0 12 . 0 0.0 0 . 0 1 . 0 1.0 0.0 0.0 0.0 0.0 
2 0 12.0 0.0 0 . 0 0 . 0 0.0 0.0 1. 0 0 . 0 1.0 
2 0 14 0 0.0 0.0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 
2 . 0 14 . 0 0 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0 . 0 
2 . 0 11' . 0 0 . 0 1) . 0 0.0 0.0 0.0 0.0 0.0 0.0 
2 . 0 16 . 0 0 0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 
2 . 0 1R . O 0 0 0 . 0 0.0 0 . 0 0.0 o. o 0.0 0.0 
2.0 18.0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 
2.0 2f' 0 1 . 0 1. 0 0.0 2 . 0 0.0 2.0 1.0 3.0 
2 . 0 ?0 0 3.0 4 . 0 1 . 0 8.0 0.0 1 . 0 0 . 0 1 0 
2 0 22 . 0 0 0 1.0 0.0 1 0 0 0 0 . 0 0.0 0 . 0 
? . 0 22 . 0 0 . 0 0.0 1.0 t . O 0 . 0 0.0 0 . 0 0 . 0 
2 . 0 24 0 0 0 0 . 0 1.0 1.0 0.0 0.0 0 . 0 0 . 0 
2.0 24 . 0 0 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 
2 . 0 26 . 0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 
2 . 0 26 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0 . 0 
2 . 0 2R 0 0 . 0 0 . 0 l 0 1.0 0 . 0 0 0 0.0 0.0 
2.0 28 0 o.o 0.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 
2 . 0 300 0 0 . 0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 0.0 
2 . 0 300 0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 
2 . 0 320 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 
2 . 0 320 . 0 0 . 0 1.0 0.0 1.0 0.0 0 . 0 0 . 0 0.0 
2 0 0 0 4.0 7.0 11.0 22.0 8.4 10.5 3. 1 22.0 
2 . 0 0.0 2 . 0 13.0 8 . 0 23.0 2.0 3.0 4.0 9 .0 
2.0 0 0 4.0 10.0 4 . 0 17.0 3 . 0 6.0 1 . 0 10 . 0 
2.0 0.0 3.0 6.0 9 . 0 18.0 0.0 2.3 4.7 7.0 
2 . 0 0 . 0 9 . 0 6.0 5.0 20.0 3.0 7.0 4 . 0 14 . 0 
2.0 0 . 0 1.0 10 . 0 4.0 15.0 1.0 2.0 2.0 5 . 0 
2.0 0 0 1.0 11.0 6 . 0 18.0 1.0 2.0 1.0 4.0 
2 . 0 0 . 0 0 0 15 . 0 0.0 15 . 0 4 . 0 4.0 2.0 10 . 0 
2 0 0 . 0 1 . 0 9 . 0 R. O 18 . 0 3 . 1 11.5 9 . 4 24 . 0 
3.0 5 0 0 0 0.0 1.0 1 . 0 0.0 2.0 0.0 2.0 
3 . 0 5 . 0 0.0 1 . 0 2.0 3 . 0 0 .0 2.3 4 . 7 7 . 0 
3.0 10 . 0 0 . 0 0 0 1 . 0 1.0 0.0 0 . 0 0 0 0.0 
3 . 0 10 . 0 0 . 0 1 . 0 0.0 1 0 0.0 0 . 0 0.0 0.0 
3 0 20 . 0 1 . 0 0 0 0 . 0 0 0 0.0 1. 0 0 0 1 0 
3 0 20 0 0 . 0 0.0 1 . 0 1 0 0.0 1.0 0 . 0 1.0 
3 0 30.0 0 0 0 . 0 1 . 0 1.0 0 . 0 0 0 1 0 1.0 
3 0 30 0 0.0 1 0 0.0 1.0 0.0 0 . 0 1.0 1.0 
3 0 40 0 0 . 0 0.0 0 . 0 1.0 0.0 0 . 0 1 . 0 1.0 
3 . 0 40 . 0 2 . 0 0 . 0 0 . 0 2 . 0 0.0 0.0 0 . 0 0 . 0 
3 0 60.0 0 . 0 0 .0 1.0 1 . 0 0.0 0 . 0 0 . 0 0.0 
3 0 60 . 0 0 . 0 1.0 1 . 0 2.0 0 . 0 0.0 1.0 1.0 
3.0 AO 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3 0 80.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 
- 36-
3 . 0 100 . 0 0.0 1.0 0.0 1.0 0.0 0.0 0 .0 2 .0 
3 . 0 100 . 0 0.0 0.0 0.0 0.0 0.0 0.0 o.n 0.0 
3 0 120 . 0 0 0 0.0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 
3 . 0 120 . 0 0.0 0 . 0 o 0 0.0 0.0 0 . 0 0.0 0.0 
3.0 140 00 0.0 000 0 . 0 0.0 0.0 0.0 0.0 0.0 
3 0 140.0 0 0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 0.0 
3 0 160 00 0 .0 0 . 0 0.0 0 .0 0 . 0 0.0 0.0 0.0 
3 . 0 160 0 0 0 0 °0 0.0 0.0 0.0 0 . 0 OoO 0.0 
3.0 180°0 0.0 0 . 0 0 . 0 0 . 0 0 °0 0°0 1 ° 0 1.0 
3.0 180 0 0 o.n l . n 0.0 1 ° 0 0 0 0 .0 0.0 0 .0 
3 0 200 00 1.0 l.O 0 . 0 2 . 0 0.0 0.0 0 . 0 0.0 
3 00 200.0 0.0 0.0 0 .0 o.n 0.0 0 . 0 0.0 0.0 
3.0 220 0 0 . 0 0 . 0 1 ° 0 1.0 0 °0 0 °0 Oon 0.0 
3 . 0 220.0 0 °0 0.0 0 0 0.0 0. 0 0 . 0 1.0 1.0 
3 . 0 240.0 0 00 0.0 0 . 0 0 0 0 . 0 0 00 0.0 0.0 
3 0 240.0 0.0 0.0 0.0 0 °0 0.0 0. 0 0.0 0.0 
3 .0 2fi0 00 0.0 0.0 0 00 0 . 0 0.0 0.0 0.0 0.0 
3 00 260.0 0 . 0 OoO 000 0 00 0.0 0.0 0.0 0.0 
3 00 280.0 0 °0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 0 . 0 
3.0 2AO.O 0 °0 1.0 0.0 1 °0 0.0 0 .0 OoO 0.0 
3.0 300 0 0.(1 0 . 0 0 .0 0 00 0 0 0.0 0 00 0.0 
3 . 0 300 0 0 °0 0 . 0 0 .(\ 0.0 0.0 0.0 0 . 0 0.0 
3 . 0 32000 0.0 0 0 0 . 0 0 . 0 0 00 0 00 0 °0 0.0 
3.0 320 00 0 °0 0 00 0 .0 0.0 0.0 0.0 0 .0 0.0 
3 0 OoO 000 0 . 0 0.0 6.0 0.0 3.3 6. 7 10.0 
3 00 0 0 0.0 0 . 0 0 . 0 20.0 0.0 0 . 0 3.0 3 . 0 
3.0 0 . 0 0.0 0.0 0.0 14.0 0.0 0 . 0 4 . 0 4.0 
3.0 0.0 5 . 0 11.0 4 . 0 20.0 1.1 5.5 4.4 11.0 
3 . 0 0.0 3.0 8 . 0 0 . 0 11.0 0.0 4 . 0 2.0 6.0 
3 . 0 0 . 0 1.0 A. O 4.0 13 . 0 000 5.0 3.0 8 .0 
3 00 0 °0 0.0 9.0 4 . 0 13.0 2 °0 6.0 3.0 11. 0 
3 00 0.0 2 . 0 8.0 7 . 0 17.0 2.3 2 . 3 4 . 5 q.o 
3 . 0 0.0 1.0 5 . 0 6.0 13.0 0 . 0 7.5 13 . 5 21.0 
4 °0 5.0 0.0 1.0 0 . 0 1.0 1 ° 1 6.7 12 . 2 20.0 
4 . 0 5 00 2.0 3°0 0.0 5.0 0 . 0 4.0 8 . 0 12.0 
4.0 10 0 0 . 0 1.0 2.0 3.() 0 . 0 0 .0 0.0 0.0 
4 0 10.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 
4 00 20 °0 0 0 0.0 0.0 0 . 0 0.0 0.0 1.0 1.0 
4.0 20 0 0 . 0 1.0 1 ° 0 2.0 0.0 0.0 0.0 0.0 
4 0 30 0 0 . 0 0 . 0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 
4 0 30 °0 OoO 0 . 0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 
4 . 0 40 00 0 °0 1.0 0 00 1 . 0 0 . 0 0 .0 0.0 0.0 
4 0 40 0 0 0 0.0 0.0 0 . 0 1 0 0 1. 0 0 . 0 2.0 
4 . 0 60 00 0.0 0 00 1.0 1 . 0 0.0 0.0 0.0 0.0 
4 0 60 0 0 0 0.0 0 . 0 0 . 0 0.0 0 00 0 . 0 0.0 
4 . 0 80 0 0 0 0.0 0 . 0 0 00 0.0 0.0 0 . 0 0.0 
4 0 80 0 0.0 1.0 0 . 0 1 0 0.0 0 .0 0.0 0 . 0 
4 00 100 00 0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 0 100 °0 0 . 0 0 00 0 . 0 0.0 0 . 0 1.0 0 . 0 1.0 
4 . 0 120 . 0 0 00 0 . 0 0 00 0 . 0 0 . 0 0 . 0 0.0 0 . 0 
4 0 120 0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 
4 . 0 140 00 0 0 0 . 0 0 . 0 0.0 0 . 0 0 °0 0.0 0.0 
4.0 140.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 
4 0 160 0 0 .0 OoO 0.0 0 . 0 0.0 0 . 0 0.0 0.0 
4 0 160 0 0 . 0 1..0 0.0 1 . 0 0.0 0 . 0 0.0 0.0 
- 'l7 -
4.0 1RO.O 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 
4.0 180 0 0 . 0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 
4 0 200.0 0.0 0 . 0 0.0 0 . 0 0 . 0 1.0 4.0 5.0 
4 0 200 0 0 0 0.0 0 0 0.0 0.0 0.0 0.0 0 . 0 
4 0 2?0 . 0 0 . 0 0 . 0 0.0 0 0 0 . 0 0.0 0 . 0 0.0 
4 . 0 220 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0 .0 0.0 0.0 
4 0 240 0 0 . 0 0 .0 0.0 0.0 0 0 0.0 0 . 0 0.0 
4 0 ?.40 . 0 0 . 0 o.o 0 . 0 0 0 0 . 0 0.0 0.0 0.0 
4 .0 260 .0 0.0 0.0 0 .0 0.0 o.o 0 . 0 n.o 0.0 
4.0 260 0 0 . 0 0.0 0 .0 0.0 0 . 0 0 . 0 0 . 0 0.0 
4.0 280 0 0 . 0 ] . 0 0 . 0 1.0 0 . 0 0 . 0 0 . 0 0.0 
4 0 280 0 0 . 0 1.0 0 .0 1 0 0 . 0 0 . 0 0.0 0.0 
4.0 300 . 0 1 . 0 1.0 0.0 2.0 0.0 0.0 0.0 0.0 
4 . 0 300 0 0 0 0.0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 
4 . 0 320 0 0 0 0 0 0 . 0 0.0 0.0 0 . 0 0.0 0 . 0 
4 0 320 . 0 0.0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 
4 0 0 0 0.0 3 . 0 4.0 7.0 0.0 5.P 1 . 2 7.0 
4 . 0 0 0 0 . 0 9.0 6.0 15 0 3.3 4.4 4.4 12.0 
4 . 0 0 0 1 0 9 . 0 2 . 0 12.0 0.0 1 . 1 6 . 9 8 . 0 
4 . 0 0.0 0 . 0 0 . 0 4.0 4.0 0.0 0 . 0 5.0 5.0 
4 0 0 . 0 0.0 1.0 1.0 2 . 0 0 . 0 0.0 0.0 0.0 
4 0 0 0 0 0 1.0 1 0 2 .0 0 0 1.0 1 (I 2.0 
4 0 0 0 0 . 0 7.0 0. 0 7.0 0 . 0 2 . 0 0 . 0 2.0 
4 . 0 0 . 0 0 . 0 1 0 3.0 4.0 0 0 1 0 2.0 3.0 
4 . 0 0 . 0 0.0 2.0 3 . 0 5.0 5.0 4.0 12.0 21.0 
5 . 0 5 . 0 0 0 2.0 4 . 0 6.0 3 . 0 c; 0 5.0 13.0 
5 0 5 0 0.0 1 . 0 0.0 1 0 1.2 1 2 3.6 6.0 
5 0 10 . 0 0 0 0.0 2.0 2.0 0 . 0 0.0 0 . 0 0.0 
5 . 0 10.0 0.0 0.0 0.0 0 . 0 0.0 0.0 2 . 0 2.0 
5 . 0 20.0 0.0 o.n 1.0 1.0 0.0 0.0 0.0 0 .0 
5 . 0 20 . 0 0.0 0.0 1 0 1 . 0 1.0 1 0 1.0 3.0 
5 0 30 0 0 . 0 1.0 0 . 0 1.0 0 0 1.0 0 . 0 1 . 0 
5 . 0 30 0 0.0 0.0 0 . 0 0.0 0.0 0 . 0 0 0 0.0 
5 0 40 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 1.0 1.0 
5 . 0 40 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 
5 0 60.0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 
5.n 50 0 0 . 0 1 . 0 1 0 2.0 0.0 1 . 0 0.0 1 . 0 
5 0 AO 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 
5.0 AO 0 0.0 0 0 0 . 0 0 0 0.0 0.0 0.0 1. 0 
5 0 100 . 0 0.0 1.0 0 . 0 1.0 0 . 0 0.0 0.0 0.0 
5 . 0 100 . 0 0.0 0 . 0 0 . 0 0.0 0.0 0.0 0 0 0.0 
5 0 120 . 0 0 . 0 0 . 0 0 0 0.0 0 . 0 0 . 0 0.0 0 . 0 
5 0 120.0 0.0 1. 0 1 . 0 2.0 0.0 0.0 0.0 0.0 
5 . 0 140 . 0 0 . 0 1.0 0.0 1 . 0 0 . 0 0.0 0 0 0.0 
!i . O 140 0 0 . 0 0 . 0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 
5 . 0 160 0 0.0 0 .0 0 0 0.0 0.0 0.0 0 . 0 0.0 
5 0 160 . 0 0 . 0 1 . 0 0.0 1.0 0.0 0 . 0 0.0 0.0 
5.0 1fl0 . 0 0 . 0 0.0 0.0 0.0 0 0 0.0 0.0 0.0 
5 . 0 180 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 
5 . 0 200 0 0 . 0 1.0 1.0 2 0 0.0 0.0 0 . 0 0 . 0 
5 . 0 200.0 0 . 0 1.0 0 .0 1 0 0.0 0.0 0.0 0.0 
5 .0 220 0 0 . 0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 
5 0 220 0 0.0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 
5 0 240 . 0 0.0 2.0 0.0 2.0 0 .0 0.0 0.0 0.0 
5 . 0 240.0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
- ~~-
5 . 0 260 . n 0.0 0.0 0.0 0.0 0.0 o.n 0.0 0.0 
5 0 260.0 n . o 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 
5.0 2AO .O 0.0 0.0 0.0 0 . 0 n . o 0.0 0.0 0.0 
5 0 2AO .O 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 
5 . 0 300.0 0 . 0 0.0 0.0 0.0 0 . 0 n.o 0 . 0 0.0 
5 0 300.0 n.o 0 . 0 0 . 0 0.0 o . o 0.0 0 . 0 o.o 
5 . 0 320 0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 n.o 0.0 
5 0 3~0 . 0 0 . 0 o.n 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 
5 . 0 0 0 0.0 2.0 0.0 2.0 1 . 0 1 . 0 A. O 10.0 
5 . 0 0 . 0 0 . 0 6.0 2 . 0 8.0 0 . 0 0.0 3.0 3.0 
5 . 0 0.0 0 . 0 3.5 3.5 7.0 0.0 4.0 0 . 0 4.0 
5 0 0.0 0.0 0.0 3.0 3 0 0.0 0.0 0.0 0.0 
5 . 0 0 . 0 0 . 0 2.0 0.0 2.0 o.n 0 . 0 1 0 1.0 
5 0 n 0 0 0 0.0 2 0 2.0 0 . 0 0.0 0.0 0.0 
5 0 0 0 0.0 1 . 0 0.0 1 . 0 0 () 0.0 0 . 0 0.0 
5 . 0 0 0 0 . 0 2 . 0 1.0 3.0 0 0 0 0 0 . 0 0.0 
5 0 0 . 0 1.0 2 . 0 0.0 3.0 0.0 3.0 2 . 0 5.0 
6 . 0 5 o 0 0 0 . 0 0.0 0.0 0 . 0 0.0 0 . 0 4.0 
6 . 0 5 0 0.0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 5.0 5.0 
6.0 10 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 0 10 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 
6.0 20 . 0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 
6 0 20 0 0 0 0 . 0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 
6 . 0 30 . 0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 
t'.O 30 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 
6 . 0 40 . 0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 
6 . 0 40 . 0 0 0 0 . 0 0.0 0.0 0 0 n.o 0 . 0 0 .0 
6 0 60·. n 0 . 0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 
6 0 110.0 o . o 1 . o 1.0 2 . 0 0.0 o.o 0.0 0 .0 
6.0 AO . O 0 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0.0 0.0 
6 . 0 ~0 0 0 . 0 0.0 0.0 0.0 0 . 0 0 0 0 . 0 0 . 0 
6 ('I 100 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 o . o 0.0 0.0 
15 0 100.0 0 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0 . 0 
6 0 120 . 0 0.0 0 . 0 0.0 0.0 0 . 0 0 .0 1.0 1.0 
6 ('I 120 0 0 . 0 o.o 0.0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 
6 . 0 140 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 
6 0 140 0 0 0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 
6 0 160 . 0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 
6.0 160 . 0 0.0 0.0 0 . 0 0.0 0.0 0 0 0.0 0.0 
6 . 0 lRO.O 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 
fi 0 180 . 0 0.0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 
6 . 0 200 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 
6.0 200 0 0.0 1.0 0 . 0 1.0 0.0 0.0 0.0 0.0 
6 . 0 220.0 0 . 0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 
6 0 220 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
fi . O 240 0 0.0 0.0 0 0 0.0 0.0 0.0 0.0 0.0 
6 0 240 0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0 . 0 0.0 
6 0 260 . 0 0.0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 
6 . 0 260 0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 
6 . 0 280 . 0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 
6 . 0 280.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0 . 0 
6.0 300.0 0.0 0.0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 .0 
6.0 300 0 0.0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 
g:8 j~8:A 8:8 8:8 8:8 8:8 8:8 8:8 8:8 8:8 
- ~q-
6.0 
6 0 
6 () 
6 0 
fi 0 
6.0 
f\ . 0 
6 0 
6 . 0 
0.0 
O. Cl 
0 . 0 
0 . 0 
0.0 
0 . 0 
0 0 
0 0 
0 0 
7 . 0 50 
7 . 0 5 0 
7 . 0 10 0 
7 . 0 10 . 0 
7 . 0 20 . 0 
7 . 0 20 0 
7 . 0 30 0 
7.0 30.0 
7 0 40 . 0 
7 . 0 40.0 
7 . 0 60 . 0 
7 . 0 60 0 
7 .. 0 RO . O 
7.0 80.0 
7.0 100 . 0 
7 . 0 100 . 0 
7 . 0 120 . 0 
7 0 120 0 
7 0 140 0 
7 . 0 140 . 0 
7 . 0 160 . 0 
7.0 160 . 0 
7 0 1RO 0 
7 0 180 . 0 
7 . 0 200 . 0 
7 . 0 ?.00 0 
7.0 220 0 
7 0 220 . 0 
7 0 240 0 
7 . 0 240 . 0 
7 . 0 260.0 
7 . 0 260 0 
7 . 0 280.0 
7.0 2AO.O 
7.0 300.0 
7 . 0 300.0 
7 . 0 320.0 
7 . 0 320 . 0 
7 . 0 0.0 
7 . 0 0.0 
7.0 0.0 
7 . 0 0 0 
7.0 O . (l 
7 . 0 0 0 
7.0 0 . 0 
7 . 0 0 . 0 
0.0 
0 . 0 
0 0 
0.0 
0 . 0 
0 .0 
0 . 0 
0 . 0 
0 . 0 
0 0 
0 0 
0 . 0 
0 . 0 
0.0 
0.0 
0 0 
0 . 0 
0.0 
0.0 
0 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0 
0 . 0 
0 . 0 
0.0 
0 (l 
0 . 0 
0 . 0 
0 . 0 
0.0 
0 . 0 
9Q9 . 0 
999 . 0 
999 0 
999 . 0 
999.0 
999 . 0 
999 . 0 
999.0 
999 . 0 
999 . 0 
999 . 0 
999.0 
0 . 0 
0 . 0 
0.0 
o.n 
0 . 0 
0 . 0 
0 . 0 
0.0 
7. 0 ' :) .~ : 
1.0 
1.0 
0 . 0 
?..0 
0 . 0 
1. 0 
0.0 
2 . 0 
5.0 
2.0 
1.0 
0 . 0 
0 . 0 
0 . 0 
0.0 
0 . 0 
0 . 0 
0.0 
0 . 0 
0.0 
0 . 0 
0.0 
0.0 
0.0 
1 0 
0 . 0 
0.0 
0.0 
0.0 
0.0 
1.0 
0 . 0 
0 . 0 
1.0 
0.0 
999 0 
999.0 
999 0 
999 . 0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
0 . 0 
0.0 
0.0 
1.0 
0 . 0 
0 . 0 
0.0 
0.0 
n. o 
1.0 
0.0 
1 . 0 
1.0 
2 . 0 
0 . 0 
1.0 
2 . 0 
0 . 0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0 
0.0 
0.0 
0.0 
0 . 0 
0. 0 
0.0 
0 . 0 
0 . 0 
0.0 
0.0 
0.0 
0 . 0 
0.0 
0.0 
0 . 0 
0 . 0 
0.0 
0.0 
999 . 0 
99~ . 0 
999.0 
999.0 
999 . 0 
999.0 
999.0 
999 . 0 
999.0 
999 0 
999.0 
999.0 
0 . 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.0 
1 . 0 
2.0 
0.0 
3.0 
1 . 0 
3.0 
0 . 0 
3.0 
7.0 
2.0 
1. 0 
0.0 
0.0 
0.0 
0.0 
0 . 0 
0.0 
0.0 
0.0 
0 0 
0.0 
0 . 0 
0.0 
0.0 
1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1 . 0 
0 . 0 
0 . 0 
1 . 0 
0 . 0 
999.0 
999.0 
999 . 0 
999.0 
999 . 0 
999 . 0 
990.0 
999.0 
999.0 
999.0 
999.0 
999.0 
0.0 
0.0 
0.0 
1.0 
0.0 
0.0 
0.0 
2.0 
0.0 
0.0 
0 .0 
2 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
l.(l 
2. 0 3 . 0 
0.0 0 . 0 
0 . 0 0.0 
l . 0 0 . 0 
0. 0 2. ('I 
0 . 0 1.0 
0 . 0 3. 0 
0. 0 1 . 0 
6.0 10 . 0 
0.0 0.0 
0 . 0 0 . 0 
0.0 0.0 
o.o o. n 
0 . 0 0 0 
0.0 0.0 
0 . 0 0 . 0 
0.0 0 . 0 
0.0 0.0 
0.0 0 . 0 
0 . 0 0.0 
0.0 0.0 
0 . 0 0.0 
0 . 0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0 . 0 
0.0 0 . 0 
o.o o.o 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 . 0 0.0 
0. 0 0.0 
0.0 0.0 
0 . 0 0.0 
999 . 0 999.0 
999.0 999 . 0 
999 . 0 999 . 0 
999.0 ' 999.0 
999 . 0 999.0 
999.0 999.0 
999.0 999.0 
999.0 999.0 
999.0 999.0 
999.0 999.0 
999.0 999.0 
999.0 999.0 
0.0 6.0 
0 . 0 1.0 
0.0 1.0 
0 . 0 0.0 
0 0 0.0 
0 . 0 1.0 
0.0 0.0 
0.0 0.0 
1. 0 
2 . 0 
0 . 0 
0.0 
0 . 0 
0.0 
0.0 
0 . 0 
0.0 
0 .0 
0 . 0 
0.0 
0. 0 
0.0 
0 . 0 
0.0 
0.0 
0 . 0 
0.0 
0 . 0 
0 . 0 
0 . 0 
0.0 
0.0 
0 . 0 
0 . 0 
999.0 
999 . 0 
990 . 0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
999 . 0 
999.0 
5 . 0 
1.0 
0 . 0 
0.0 
0 . 0 
0 . 0 
0.0 
0 . 0 
5 . 0 
0 . 0 
0.0 
3.n 
2.0 
1.0 
3.0 
1 . (l 
17.0 
1.0 
2.0 
0.0 
0 . 0 
0 . 0 
0.0 
0.0 
0.0 
0.0 
0 . 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0 
0.0 
0.0 
0.0 
0.0 
0.0 
Q99.0 
999 . 0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
999.0 
11.0 
2.0 
1.0 
0 . 0 
0.0 
1.0 
0.0 
0.0 
"".,:. 14 . 5 /4·5 '2'!.o 
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r,REAT E ~J G l E R 0 U R ~ ~ E 1981A TOTAL 
50 . 0 0 . 0 6 . 0 19 .0 20.0 4'i.O 13. 5 34 . 3 31.2 79 0 
51 . 0 0 0 A. O 45 . 0 23.0 76 0 8 . 4 10 . 6 19 . 0 3A.O 
52 . 0 0 0 7 . 1 34 . 6 15 . 3 57 . 0 4 A 1" -5 13. 2 34.0 
53 . 0 0 . 0 R 2 19 . 4 22 4 50.0 5.4 8 . 6 15 . 0 29 . 0 
54 0 0 0 16 0 Pi.O 15 . 0 46 . 0 5 . 0 20.0 1 1. 0 36 . 0 
55 0 0 0 2 . 0 23 0 13 . 0 38.0 3 0 14.0 15 . 0 32.0 
se; 0 0 . 0 1.0 32.0 10 . 0 4 3 . 0 4.0 14 0 14.0 32 . 0 
57 0 0 . 0 5 2 31.3 13.5 50.0 11 3 12.4 11.3 35.0 
58 0 0 0 5 . 0 23 . 0 21 . 0 49 . 0 17 A 59.0 70 . 2 147 . 0 
1 0 5 0 1 . 0 7 . 0 10 . 0 18 . 0 24 . 3 22.2 30 . 6 77.0 
2 . 0 5.0 4 .0 7 .0 3.0 14 . 0 8. 7 13.7 22.5 45.0 
3 0 10 0 1.0 1.0 5 0 7 0 1.0 0 . 0 0.0 1.0 
4 0 10 . 0 1.0 1 . 0 1.0 3.0 0 . 0 0.0 3.0 3.0 
5 0 20 . 0 0 . 0 1.0 1 . 0 2.0 0.0 2.0 1.0 3.0 
6.0 20 . 0 1.0 2 . 0 2.0 5.0 1 . 0 2 0 1.0 4.0 
7 . 0 30 0 2.0 1. 0 1.0 4.0 0.0 1.0 1.0 2.0 
A.O 30 . 0 1.0 2.0 1.0 4 . 0 0.0 0.0 1.0 1.0 
9 0 40 . 0 0 0 3.0 0.0 3 . 0 1.0 0.0 2.0 3.0 
10 0 40.0 2 . 0 0.0 1.0 3 . 0 2 . 0 3.0 0 . 0 ~.0 
11. 0 60 0 0.0 0.0 2.0 2 . 0 0.0 0.0 0.0 0.0 
12 . 0 60 . 0 0 . 0 3.0 3.0 6.0 0.0 1.0 1.0 2.0 
13.0 80 . 0 0.0 0.0 0.0 0 . 0 0.0 0.0 0 0 0.0 
14 0 80 0 0 . 0 1. 0 1.0 2.0 0.0 0.0 0.0 1.0 
15 0 100.0 0.0 1.0 0.0 J.O 0.0 0.0 1.0 1.0 
1" -0 100 0 0 . 0 4.0 0.0 4.0 0.0 1.0 2.0 3.0 
17 0 120 0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 1.0 
1R.O 120.0 0 . 0 2.0 1.0 3 . 0 0.0 1 0 0.0 1.0 
19 . 0 140 0 0.0 1 . 0 0 . 0 1.0 0 0 0.0 0.0 0.0 
20 0 140 0 0 . 0 0.0 0.0 0 . 0 0.0 0 0 0.0 0.0 
21 . 0 160 . 0 0.0 0 .0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 
22.0 160 0 0 . 0 3.0 0.0 3 . 0 0.0 0 . 0 0.0 0.0 
23.0 180.0 0.0 0.0 0.0 0.0 0 . 0 0.0 1.0 1.0 
24 . 0 180 . 0 0.0 1.0 0.0 1.0 0 .0 0.0 1 . 0 1 0 
25.0 200 0 2.0 4 . 0 1.0 7 .0 0 . 0 3.0 5.0 8.0 
26.0 200 . 0 3.0 6.0 1.0 10.0 0 . 0 1.0 0.0 1.0 
27 . 0 220 . 0 0 0 1 .0 1.0 2 .0 0.0 0.0 1.0 1.0 
28 . 0 220 . 0 0.0 1 . 0 0.0 1 . 0 1 . 0 1 0 1 0 3.0 
29 0 240.0 0. 0- 3.0 1 0 4.0 0.0 1.0 0.0 1.0 
30.0 240 0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
31.0 260.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 
32.0 260 . 0 0 .0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0 .0 
33 0 280 0 1. 0 1.0 0.0 2.0 0 . 0 0 . 0 o.n 0.0 
34 0 280 . 0 0 0 2.0 0 . 0 2.0 0 . 0 0.0 0.0 0.0 
35 . 0 300 . 0 1.0 1.0 0.0 2 . 0 0.0 0.0 0.0 0.0 
36 . 0 300 0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 
37 0 320 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
38 . 0 320 . 0 0 . 0 1.0 0.0 1 . 0 0.0 0.0 0.0 0.0 
- 41-
SE ALE HAYNE 19R1A 
TIME DIST F1+3 FS F6 FT r-11 M2 M3 MT 
1 0 0 . 0 0.0 2.0 0.0 2 . 0 0.0 1 . 0 1.0 2.0 
1.0 0.0 0.0 2 .0 3 . 0 5 . 0 0 . 0 1 . 0 0 . 0 1.0 
1 0 0 . 0 0.0 2 0 2 0 4.0 1.0 0 . 0 2.0 3.0 
1 0 10 0 0 . 0 0.0 0 0 0 . 0 0 0 0.0 0 . 0 0.0 
1 0 10 . 0 0 . 0 6.0 2 ·. 0 8 . 0 0.0 0.0 1.0 2.0 
1 . 0 10 0 0.0 1.0 2 . 0 3 . 0 1 . 0 0.0 2.0 2.0 
1 0 20 0 99<L 0 999 . 0 999 . 0 999 .0 999.0 999 . 0 999 . 0 999.0 
1.0 20 .0 0 . 0 0 0 0.0 0.0 0.0 0 0 0.0 0.0 
1.0 20 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 
1 0 30 . () 0.0 o.n 0.0 0.0 0 . 0 1.0 0 .0 1.0 
1 0 30.0 0 . 0 0.0 0.0 0.0 0.0 2.0 0.0 2.0 
1 . 0 30.0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 0 2.0 2.0 
1.0 40 . 0 0.0 0 . 0 0.0 0 0 0.0 0.0 0 . 0 0.0 
1.0 40 . 0 0 . 0 1.0 0.0 1.0 0.0 0.0 2.0 2.0 
1.0 40.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0 . 0 0.0 
1 . 0 50 0 0 . 0 1 . 0 0 . 0 1.0 0 0 1.0 0.0 1.0 
1 0 50 . 0 0 . 0 2.0 1 . 0 3 0 0 0 1.0 2.0 3.0 
1.0 50 0 0 . 0 0 . 0 0.0 0.0 1.0 1.0 3.0 6.0 
1 0 60 . 0 0.0 0.0 0 .0 0 . 0 0.0 0.0 2.0 2.0 
1 0 60 0 0 0 0.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 
1.0 60 . 0 0.0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 0.0 
1 . 0 70 0 0 . 0 0.0 1 . 0 1.0 0 .0 1.0 1.0 2.0 
1 . 0 70.0 0.0 0 . 0 0 .0 0 . 0 0 . 0 0 0 0 . 0 0.0 
1 0 70 0 0 . 0 2.0 0 . 0 2.0 0.0 0.0 2.0 2.0 
1.0 80 0 0 . 0 0.0 0.0 0 . 0 0.0 0 . 0 1.0 1.0 
1.0 80 . 0 0 . 0 0.0 1.0 1 0 0.0 0.0 0.0 0.0 
1 0 80 . 0 0.0 0.0 0 . 0 0 . 0 0.0 1 0 5 . 0 6.0 
1 . 0 90 0 1.0 0 . 0 0.0 1.0 0.0 0.0 1 . 0 1.0 
1.0 90 0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 1.0 
1.0 90 . 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 
1 . 0 100.0 0.0 2.0 0.0 2.0 0.0 0.0 0.0 0.0 
1 0 100 . 0 0.0 0 . 0 1.0 1.0 0 . 0 1.0 0.0 1.0 
1 0 100 . 0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 0 .0 
2 . 0 0 . 0 0.0 2.0 0 . 0 2.0 0 . 0 3.0 3.0 6.0 
2 . 0 0.0 999 . 0 999 . 0 999 0 999 .0 999.0 999 . 0 999.0 999.0 
2 .0 0 . 0 0 . 0 5.0 0.0 5.0 0.0 0.0 0.0 0.0 
2.0 10 . 0 0.0 5.0 0.0 5 . 0 0 . 0 2.0 1.0 3.0 
2 . 0 10 . 0 0 . 0 6 . 0 1.0 7 . 0 0.0 0.0 0.0 0.0 
2 0 10 . 0 0.0 4.0 2.0 6 .0 0 . 0 1 0 0.0 1.0 
2 . 0 20 . 0 0 . 0 0.0 1.0 1 . 0 0.0 1 . 0 0.0 1 . 0 
2.0 20 0 999 . 0 999.0 999.0 Q99 . 0 999.0 999.0 999.0 999.0 
2 . 0 20.0 0 . 0 1 0 0.0 1 . 0 0 . 0 0.0 1 0 1 0 
2 0 30 . 0 0.0 1 . 0 0 . 0 1.0 0.0 o.n 0 . 0 0 . 0 
2 0 30 0 0.0 2 . 0 1 . 0 3.0 0 . 0 0 . 0 0.0 0 .0 
2 . 0 30 . 0 0.0 1 . 0 1.0 2.0 0.0 0.0 0.0 0 . 0 
2.0 40 . 0 0 . 0 2.0 1 . 0 3.0 0.0 0.0 0 . 0 0.0 
2 . 0 40 . 0 0 0 0.0 0.0 0 . 0 0 0 0.0 0.0 0.0 
2 .0 40.0 0.0 0.0 1.0 1 . 0 0.0 0.0 0.0 0.0 
2 0 50.0 0 . 0 2 0 3 . 0 5.0 0.0 0.0 0 . 0 0.0 
2 . 0 50.0 1.0 1.0 0 . 0 2.0 0.0 0.0 0.0 0.0 
2.0 50 . 0 1.0 2.0 1.0 4.0 1 0 0.0 2.0 3.0 
2 . 0 60.0 0 . 0 0 . 0 0.0 0 0 0.0 0 . 0 0 . 0 0.0 
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2 . 0 60 . () 0 . 0 0.0 1.0 1 . 0 0.0 0 .0 n.o 0 . 0 
2.0 60 0 0 . 0 1.0 0.0 1.0 0.0 0 . 0 0 . 0 0 0 
2 . 0 70 0 0 . 0 0 . 0 0 0 0.0 0 . 0 0 . 0 0.0 0.0 
2.0 70 0 0 . 0 0 . 0 0 . 0 0.0 o.o 0.0 O. fl 0 0 
2 0 70 0 0 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 
2 0 AO 0 0.0 0 . 0 0 . 0 0.0 0.0 0 0 0.0 0 . 0 
2 0 80 0 0 . 0 1 0 0 0 1 0 0 . 0 0 . 0 0.0 0.0 
2 . 0 RC' 0 0.0 n.o 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 
2 0 90 . 0 0.0 0 . 0 0.0 0.0 0 0 0 . 0 0 . 0 0.0 
2 0 90 0 0.0 0 . 0 1 0 1.0 0.0 0 . 0 0.0 0 .0 
2.0 90 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 0 . 0 
2.0 100 . 0 0 . 0 4.0 1.0 5 . 0 0 . 0 1. 0 0.0 1 0 
2 0 100 0 0.0 5.0 4.0 9 . 0 1.0 2.0 2.0 5.0 
2 . 0 100 0 1.0 2.0 1 0 4.0 2 . 0 0 .0 0.0 2.0 
3 . 0 0 0 0.0 5.0 4.0 Q,O 0.0 0 0 1 . 0 1.0 
3 0 0 0 0.0 2.0 3 . 0 5.() 0 . 0 0.0 0.0 0.0 
3 0 0 0 0 . 0 R. O 5.0 13.0 0.0 1.0 0.0 1. 0 
3 0 10 0 0 . 0 3.0 4.0 7 . 0 0.0 0.0 0.0 0.0 
3 . 0 10 0 0.0 3 . 0 4 . 0 7.0 0.0 0.0 0.0 0.0 
3 . 0 10 . 0 0 . 0 2 . 0 1.0 3.0 0.0 0 . 0 0 . 0 0.0 
3 . 0 2().0 0 0 0 . 0 1.0 1.0 0.0 1.0 0.0 1.0 
3 0 20 0 0.0 2 . 0 0.0 2.0 0 0 0 . 0 0 . 0 0.0 
3 . 0 20 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 
3 0 30 . 0 0.0 1 . 0 0.0 1 0 0.0 0.0 0.0 0.0 
3 0 30.0 0 . 0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 
3 0 30.0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 
3 . 0 40 . 0 0 0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 
3 . 0 40 0 0 . 0 2.0 0.0 2.0 0.0 0.0 0.0 0.0 
3 . 0 40 . 0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 
3 0 50.0 999 . 0 999 . 0 999.0 999.0 999.0 999.0 999 . 0 999.0 
3 . 0 50.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 
3 . 0 50 . 0 0 . 0 0.0 0.0 0.0 0 . 0 0.0 0 .0 0.0 
3.0 60.0 0.0 0.0 0.0 0.0 0 0 0.0 0.0 0 . 0 
3 . 0 60 . 0 0.0 1.0 1 0 2.0 0.0 0.0 0.0 0.0 
3 . 0 60 . 0 0 . 0 1.0 0.0 1 0 0.0 0.0 0.0 0.0 
3 0 70.0 0 . 0 1. 0 0.0 1 . 0 0.0 0.0 1.0 1.0 
3 . 0 70.0 0.0 0.0 0.0 0 0 0 . 0 0 . 0 0.0 0.0 
3 . 0 70 . 0 0.0 0.0 0.0 0 .0 0 . 0 0.0 0.0 0.0 
3 . 0 80.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 
3.0 80 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3 . 0 AO 0 0.0 1.0 0.0 1 0 0.0 0.0 0.0 0.0 
3 . 0 90 . 0 0 . 0 5.0 2.0 7.0 0 . 0 0.0 0 . 0 0.0 
3 . 0 90 0 999 . 0 999.0 999.0 999 0 999 0 999.0 999.0 999.0 
3 0 90 0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 
3 () 100 . 0 0 0 5 . 0 0.0 5.0 0.0 0 . 0 0 . 0 0.0 
3 . 0 100 . 0 0.0 2.0 1 . 0 3.0 0 . 0 0.0 0 . 0 0.0 
3 . 0 lOO 0 0 . 0 2 0 0 . 0 2.0 0 . 0 0 . 0 0 . 0 0.0 
4.0 0 0 0 . 0 5 . 0 3.0 8.0 1 . 0 2 0 0.0 3.0 
4 0 0.0 1 0 3 . 0 3.0 7.0 0 0 0 . 0 2.0 2.0 
4 0 0 0 0 n 9 . 0 3 0 12 . 0 0 0 0.0 0.0 0.0 
4 0 10 0 0.0 1 . 0 3.0 4 . 0 0 0 0 . 0 2 0 2 . 0 
4 0 10 0 0.0 3.0 3 0 6 0 0 n 0 . 0 0.0 0 . 0 
4 0 10.0 0 . 0 6.0 2.0 8.0 0.0 0.0 0 0 0.0 
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4 n 20 () 0 n 7 0 3 . 0 10 0 0 . 0 0 . 0 0 0 0 . 0 
4 0 20 0 0.0 6 . 0 0.0 6.0 0 . 0 1 0 n 0 1 . 0 
4 0 20 0 0 (' 0 0 0 .0 6 . 0 0 0 0 . 0 0.0 0.0 
4 . 0 30 0 0 0 2 . 0 1 0 3 0 0 0 0 . 0 0 . 0 0 . 0 
4 . 0 30 0 0 . 0 0 . 0 0 0 0 0 0 . 0 0 0 0 n 0 . 0 
4 0 30 0 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0.0 0 . 0 
4 0 40 0 0 . 0 2.0 n.n 2 . 0 0 0 0 . 0 0 . 0 0 . 0 
4 0 40 . 0 0 0 1 0 0.0 1 0 0 0 0 0 0 . 0 0 . 0 
4 . 0 40 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 
4 . 0 50 . 0 0 . 0 4 . 0 0.0 4.0 0 . 0 0 . 0 0 0 0 0 
4 0 50 . 0 0 0 0 . 0 1 0 1 0 0 . 0 0 . 0 0 0 0 . 0 
4 0 50 . 0 0 . 0 2 . 0 4 0 6 . 0 0 . 0 0.0 () 0 1.0 
4 0 60 0 0 0 1 . 0 0 0 1 . 0 0 . 0 0 . 0 0 . 0 0.0 
4 0 oo 0 999 0 999.0 999 . 0 999 . 0 999 0 999 0 999 . 0 999.0 
4 0 60 . 0 0.0 1 0 2 .0 3 . 0 o.n 0.0 0.0 0 . 0 
4 0 70 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 0.0 0 . 0 
4 0 70 . 0 0 . 0 1.0 0 . 0 1.0 0.0 0 0 0 . 0 0 . 0 
4 0 70 0 0 . 0 0 n 0.0 0.0 0 . 0 0.0 0 . 0 0.0 
4 . 0 80 0 0.0 0 0 0 0 0 . 0 0.0 0.0 0.0 0.0 
4 . 0 80 . 0 999 . 0 999.0 999.0 999 0 999 0 999 . 0 999.0 999.0 
4 . 0 80 . 0 0 . 0 1.0 l.O 2.0 0.0 0 . 0 0 . 0 0.0 
4 . 0 90 . 0 0.0 0 . 0 0.0 0 . 0 0 0 0 . 0 0 . 0 0 . 0 
4 n 90 0 999 0 99o . o 999.0 ~99.0 999.0 999.0 990.0 999 . 0 
4 0 90.0 0.0 0 0 J 0 1.0 0.0 0 0 0.0 0.0 
4 0 100 0 0 . 0 11.0 2 0 13.0 0 . 0 0.0 0.0 0.0 
4 0 100 . 0 0 0 4 . 0 1 0 5.0 0 . 0 0.0 0.0 0.0 
4 . 0 100 . 0 0 . 0 3 . 0 0.0 3 . 0 0 0 0 . 0 0.0 0.0 
5 0 0 0 0.0 3 . 0 6 . 0 9.0 0.0 0 . 0 1.0 1 . 0 
5 0 0 . 0 999 . 0 999 . 0 999 . 0 999 .0 999 . 0 99~.0 9Q9 . 0 9Q9.0 
5 . 0 0 . 0 0 . 0 20 0 9 0 29.0 0.0 1.0 0.0 1.0 
5 . 0 10 . 0 0 . 0 2.0 2 . 0 4 . 0 0.0 0.0 o.n 0.0 
5 . 0 10 . 0 0 . 0 3 0 3.0 6 . 0 0 . 0 0.0 0 . 0 0.0 
5 . 0 10 . 0 0 . 0 3 . 0 1. 0 6 . 0 0 0 0 . 0 0.0 0.0 
5.0 20 . 0 0.0 R. O 7.0 15.0 0.0 0 . 0 0.0 0.0 
5 . 0 20 . 0 0 . 0 3.0 3 0 6.0 0 . 0 0 . 0 0.0 0.0 
5 0 20 . 0 0 . 0 3.0 1.0 4.0 0 . 0 0.0 0 0 0.0 
5 . 0 30 0 0.0 0.0 1 . 0 1.0 0 0 0 0 0.0 0 . 0 
5 . 0 30 0 0.0 2.0 3.0 5 0 0.0 0.0 0 . 0 0.0 
5.0 30 .0 0.0 1.0 0.0 1.0 0 . 0 0.0 0 0 0.0 
5 . 0 40 . 0 0.0 1.0 0.0 1 0 0 . 0 0.0 0 . 0 0.0 
5 . 0 40 . 0 0.0 1.0 1.0 2.0 0 . 0 0.0 0 . 0 0.0 
5 . 0 40 .0 0 . 0 0.0 1 0 1.0 0 0 0 . 0 0.0 0.0 
5.0 50 . 0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 
.. 5 0 50 0 0.0 1.0 1 . 0 2.0 0.0 n.o 0.0 0.0 
5 . 0 50 . 0 0 . 0 1 . 0 0.0 1 . 0 0 . 0 0.0 0 . 0 0.0 
5 . 0 60 . 0 0.0 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 
5 0 60 0 0 . 0 1.0 2 . 0 3 . 0 0.0 0.0 0 . 0 0.0 
5 . 0 60 n 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 
5 0 70 0 0 . 0 0.0 0.0 n.o 0 . 0 0.0 0.0 0.0 
5 . 0 70.0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0 .0 0. 0 
5 0 70 . 0 0 . 0 0.0 1 () ] . 0 0.0 0.0 0 . 0 0 . 0 
5 0 80 . 0 0 . 0 0.0 0.0 0 () 0 . 0 0 . 0 0 . 0 0.0 
5 0 80 0 0 . 0 2 . 0 0.0 2 0 0.0 0.0 0.0 0.0 
s 0 80 0 0 . 0 1.0 0.0 1.0 0 . 0 0 0 0.0 0. 0 
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5.0 90 . 0 0.0 0.0 0 . 0 1 0 0.0 0.0 0.0 0.0 
5 0 90 n 999 0 Q99 . 0 999 . 0 99~ .0 99CJ OO 99Q o() 999 00 999.0 
5 0 90 . 0 000 0 .0 0 . 0 0 0 0.0 0.0 n 0 0.0 
!1 0 100 00 0 00 10 °0 6 0 16 . 0 0 00 0.0 0 . 0 0 00 
5 0 100 0 o.n 3 . 0 1.0 4 0 0.0 0 . 0 o.n 0 . 0 
5 0 100 0 0.0 1 . 0 2 0 3 . 0 0 . 0 0 . 0 0 0 0.0 
6 0 0 °0 0 0 ~ 0 A. O 16.0 0.0 0 . 0 1 0 1. 0 
6 0 0 . 0 0 0 10.0 14 0 24 0 0.0 0.0 0 . 0 1.0 
6 °0 0 0 0 0 19 ° 1 14 . 9 34 0 0.0 2.0 0 0 2.0 
6.0 10 . 0 0.0 3 0 1.0 4 0 0.0 0.0 0 . 0 0.0 
6 0 10 . 0 o .o 1 0 1 0 2 0 0 0 0 0 0 . 0 0 . 0 
6 0 10 0 0.0 2 . 0 2 . 0 4 . 0 0 0 2 . 0 0.0 ?..0 
6 0 20 . 0 0 0 4 0 5.0 9 °0 0 . 0 1 0 0 . 0 J.O 
6 0 20 0 0 00 2 3 4. 7 7 0 0 . 0 0.0 0 . 0 0 . 0 
6 0 20 0 0 . 0 5 . 0 0 . 0 5 0 0.0 0.0 1.0 1 0 
6 0 30 0 0.0 1 5 1 5 3 0 0 0 2 () 0.0 2.0 
6.0 30 0 0 . 0 2.0 000 2 . 0 0.0 0 . 0 0 0 0 °0 
6 . 0 30 0 0 0 1.0 0.0 1 0 0 . 0 0 . 0 0.0 0 . 0 
6 . 0 40 0 0 0 3 . 0 3.0 6.0 0 0 0.0 0.0 0 . 0 
6 . 0 40 0 0 . 0 1.0 0.0 1.0 0 . 0 0.0 0 . 0 0 . 0 
6.0 40 0 0 0 1.0 1.0 2 0 0 0 0 0 0.0 0.0 
~ 0 50 . 0 0 0 ] 0 1 0 0 2 0 0 . 0 0 00 0 0 0 . 0 
6 0 50 0 0.0 0.0 0.0 0 00 0 . 0 0.0 0 . 0 0.0 
6 0 50 . 0 0.0 1 0 0 1 . 0 2 0 0 0 0.0 0 . 0 0.0 
6 0 no 0 Cl . O 0.0 0.0 0 °0 0 . 0 0 0 1 . 0 1 . 0 
6 . 0 60 0 0.0 0 00 0 . 0 0.0 0.0 0.0 0.0 0.0 
6 0 60 0 0 0 1 0 0.0 1 . 0 0.0 0.0 0.0 0.0 
6 0 70 0 0.0 0.0 0 . 0 0.0 0 . 0 0 . 0 0 °0 0.0 
fi.O 70 0 0 . 0 0 0 0 . 0 0.0 0 00 1 0 2 0 3.0 
6 0 70 00 0 °0 1 0 0 0 1 0 0 0 0 OoO 1 . 0 1.0 
6 0 AO 0 0 0 0 . 0 0.0 0 0 .o.o 0.0 0 0 OoO 
6 0 80 0 000 0.0 0 0 0 0 0 0 0.0 0 0 0 . 0 
6 . 0 AO OO 0 0 0 .0 0 °0 0 . 0 0.0 0.0 0 . 0 0.0 
6 0 90 0 0 0 0.0 0 . 0 OoO 0.0 0.0 0 00 0 . 0 
6 . 0 90 0 999 00 999 . 0 999 . 0 999 0 999 0 999 . 0 999.0 999.0 
6 0 90 0 0 0 2 . 0 0 °0 2.0 () 0 0 . 0 0 0 0 . 0 
6 . 0 100 . 0 0.0 1 0 4 . 0 5 0 0 . 0 0.0 0 . 0 0.0 
6 . 0 100 0 0.0 0 °0 1.0 1 0 0 0 0 . 0 0.0 0.0 
6 . 0 100 °0 0 . 0 200 0 0 2.0 0 . 0 0.0 0 . 0 0 . 0 
7 0 0 0 999 . 0 999 0 999 0 999 00 999 °0 999 . 0 9Q9 . 0 999.0 
7 0 0 °0 0 °0 2.8 A 3 11 0 0 . 0 0 . 0 1.0 1.0 
7 0 0 00 0 0 10 . 0 15 00 25 00 0 . 0 0.0 2 0 2 . 0 
7 °0 10 0 0 0 0.0 2 °0 2 0 0 °0 0.0 1.0 100 
7 . 0 10 0 999 00 999 . 0 999.0 999 . 0 999.0 999 . 0 999.0 999.0 
7 0 10 0 0 0 0 0 500 5 0 0.0 0.0 0.0 0.0 
7 . 0 20 0 0 0 2 . 0 3 . 0 5.0 0 °0 0.0 0.0 0.0 
7 0 20 00 0 . 0 2 . 0 0 . 0 2.0 0 . 0 0.0 0.0 0.0 
7 . 0 20 . 0 0.0 3.9 5 1 9 0 0 . 0 o.n 0 . 0 0.0 
7 0 30 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 1.0 1.0 2 .0 
7 0 30 . 0 0 . 0 O.Cl 0.0 0 . 0 0 . 0 2 . 0 1.0 3.0 
7 0 30 . 0 0 . 0 0.0 1 0 1.0 0 . 0 0.0 2 . 0 2.0 
7 . 0 40 00 0.0 1.0 0 . 0 1 . 0 0 . 0 0.0 0 . 0 0.0 
7.0 40 . 0 0.0 1.0 0.0 1 0 0.0 0 . 0 0.0 0.0 
7 . 0 40 . 0 999 00 999.0 999.0 999 .0 999 . 0 999 . 0 999 . 0 9Q9.0 
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7 . 0 50 . 0 0.0 1.0 1 . 0 2 . 0 0 . 0 n 0 O. Cl 0 . 0 
7 . 0 50 0 9Q9 0 Q09 . 0 9Q9 0 909 0 q~q.o 99 11.0 999 . 0 990. 0 
7 . 0 so 0 goo 0 099 . 0 9Q9 . 0 qqq _o 9o9 . 0 909 . 0 goq . n 999 . 0 
7 . 0 fiO 0 QQ9 0 999 o 999 . 0 qqq . o 999 . 0 999.0 ~Q9.0 99~ . 0 
7 . 0 60 0 999 0 999 . 0 9Q9 . 0 999 . 0 C)OQ.O 099 . 0 999 . 0 9°9.0 
7 . 0 60 . 0 999 . 0 999 0 999 0 999 . 0 Cl9Q 0 999.0 9Q9.0 999.0 
7 0 70 . 0 0 0 1 0 0 0 1 0 0 0 0 ('I 0 0 0.0 
7 . 0 70 . 0 o.o 0 . 0 0 . 0 0.0 0 0 2.0 2 0 4.0 
7 0 70 0 o.n o.o 0.0 0.0 0 0 1 . 0 0 . 0 1. 0 
7.0 80 . 0 0 . 0 0 0 0 0 0 . 0 o.o 0.0 0 . 0 o.o 
7 () 80 . 0 0 . 0 1.0 1.0 2 . 0 0 . 0 0 . 0 0 . 0 0.0 
7 0 AO 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0.0 0.0 1.0 
7 . 0 90 . 0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 0 . 0 0.0 
7 0 90 0 999 0 Q99 . 0 999 . 0 999 0 ~9Q 0 999 0 999.0 999.0 
7 . 0 90 . 0 0 . 0 n.o 0 . 0 o.o 0 . 0 0 . 0 0 . 0 0.0 
7 0 100 () 0 0 1 0 1.0 2 . 0 0 o 0.0 0 . () 0.0 
7 0 lOO 0 0 . 0 1. 0 8 . 0 9.0 1 . 0 () 0 1.0 2 . 0 
7.0 100.0 0 . 0 1.0 2.0 3 . 0 0.0 0 . 0 0 . 0 0 . 0 
A. O 0 0 0.0 1.0 0 . 0 1.0 0 0 0 . 0 0 . 0 0.0 
8 . 0 0 . 0 0 . 0 1 . 5 1 . 5 3 0 0 . 0 0.0 n.o 0.0 
A.O 0 . 0 0.0 2 . 0 5 . 0 7.0 0 . 0 0 0 0 . 0 0 . 0 
A 0 10 . 0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 
A 0 10 . 0 999 . 0 999 . 0 999.0 9°9.0 999.0 999 . 0 999 . 0 999.0 
8 () 10 0 0.0 1 0 0 . 0 1 0 0 . 0 0 . 0 0 . 0 0.0 
A.O 20 0 0.0 3 .0 1.0 4.0 0 . 0 0.0 0.0 0.0 
A. O 20 . 0 0.0 0 . 0 3 . 0 3 . 0 0 0 0.0 0.0 0.0 
8 . 0 20.0 0.0 0 . 0 0 0 0 . 0 0 . 0 0.0 1 . 0 1.0 
A 0 30 . 0 0 . 0 1.0 1. 0 2 . 0 0.0 1 0 2 . 0 3.0 
8 . 0 30 0 0 0 1 . 0 0 0 1.0 1 0 1.0 1 0 3.0 
A 0 30 . 0 0 . 0 0 . 0 0 0 0 . 0 0 . 0 1 . 0 1.0 2 . 0 
A 0 40 0 0 . 0 1. 0 0 . 0 1 () 0 0 0 . 0 n.o 0.0 
A 0 40 0 0 . 0 1 . 0 n.o 1 . 0 0 . 0 0 . 0 0.0 0 . 0 
8.0 40 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 1 . 0 1.0 2.0 
8 . 0 50 . 0 0 . 0 0 0 1 0 1.0 0 . 0 0 0 0 . 0 0 0 
A. O 50.0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0.0 
8 . 0 50 0 0 . 0 2 . 0 0 .0 2 0 0 0 0 . 0 1.0 1.0 
A 0 60 . 0 0 . 0 0 . 0 0 0 0 0 0 0 1 . 0 0.0 1.0 
8.0 60 0 0 . 0 n.o 0.0 0.0 o.n 0.0 0.0 0.0 
8 . 0 60 . 0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0 . 0 0 .0 
8 . 0 70 0 0.0 0 . 0 1 . 0 1 . 0 0 . 0 0.0 0 0 0.0 
8 . 0 70 0 0.0 1.0 0.0 1. 0 0.0 0 . 0 0 . 0 0 . 0 
8 . 0 70 0 0.0 0 0 1 . 0 1 0 0 .0 0 .0 0 . 0 0.0 
8 0 80 0 0.0 1 0 2 . 0 3 . 0 0 0 0 . 0 0.0 0 . 0 
8 . 0 80 0 0 . 0 0 . 0 0 0 0 . 0 0 . 0 0.0 0 0 0.0 
8 . 0 80 . 0 0 . 0 2.0 0.0 2 0 0 . 0 0.0 0.0 0.0 
8 . 0 90 . 0 0 0 0.0 0 . 0 0 . 0 0 . 0 1.0 0 . 0 1.0 
8 0 90 0 999 0 99~ 0 999 . 0 999 . () 999 . 0 999 . 0 999.0 999.() 
8 . 0 90 0 0 0 0 . 0 0.0 0 0 0 . 0 0.0 0.0 0 . 0 
A 0 lOO 0 0.0 0.0 2.0 2.0 0 . 0 0 . 0 0 . 0 0.0 
8 0 lOO 0 0 0 1 . 0 3.0 4 . 0 0 . 0 0 0 n.o 0.0 
8 . 0 lOO 0 999 0 Q99 . 0 999 0 999.0 Q99 0 9Q9 0 999.0 999.0 
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SE ALE HAnrE 1981A TOTAL 
1 . 0 0 0 0 . 0 2fi . O 21 0 47 0 1 . 0 6 . 0 7.0 1.4.0 
2 0 0 0 1 1 21 . 6 32 4 55.0 0.0 1.3 3 . R ~ - 0 
3 . 0 0 . 0 0 . 0 Hi . l 5~ 9 12Q . O 1 . 1 3.4 4 5 9.0 
4 0 10 . 0 0 . 0 14 . 0 12.0 26 . 0 0 . 0 2 0 4.0 f) _ () 
!; 0 10 0 o.n 22 . 1) 14 . 0 31i . O 1 . 0 0 . 0 1 0 2.0 
fi 0 10 0 0 0 20. 1 15 9 3n.n 0.0 2 5 2 . S 5.0 
7 0 20 0 0 0 24.0 2 1 0 45 0 0 . 0 3 0 0.0 3 . 0 
R 0 20 0 0 0 15.6 10 4 26 0 0.0 1 0 0 0 1.0 
9 . 0 20 0 0 () 1Q 6 5 . 4 25 0 0 . 0 0 . 0 3 0 3 .0 
10 0 3() 0 0 . 0 6 . 6 4 . 4 1 1 0 0 .0 5 0 3 . 0 8 . 0 
1 l 0 3(1 0 0 0 B . O 4 0 12 . 0 1 0 5 . 0 2 0 8.0 
12 0 30 . 0 0 . 0 3 0 2.0 5 0 0.0 1 . 0 5 0 6. 0 
13 0 40 . 0 0 0 1n 0 4 . 0 14.0 0.0 0 . 0 0 0 0 . 0 
14 0 40 0 0 . 0 A. O 1 0 o.o 0 . 0 0.0 2 0 2.0 
15 . 0 40 0 0 . 0 1.0 3 0 4 0 0.0 1.0 1 0 2.0 
16 0 50 0 0.0 9 0 6 0 15 . 0 0 . 0 1 . 0 0 . 0 1.0 
17 0 50 0 1 . 0 4.0 3.0 8 0 0 0 1 0 2 .0 3.0 
lA.O 50 0 1 . 0 A 0 6 . 0 15 . 0 2 0 1.0 7 0 10.0 
19 0 60 . 0 0.0 1.0 0.0 1 . 0 0 . 0 0.0 3.0 3.0 
20 . 0 60 0 0 0 2.0 4 . 0 6 0 0 0 1 . 0 0.0 1.0 
21 0 60 . 0 0 . 0 4 . f' 2 0 6 . 0 0 . 0 0.0 0 . 0 0.0 
22 0 70 . 0 0 0 2 . 0 3 . 0 5 . 0 0 . 0 1.0 2.0 3.0 
23 . 0 70 . 0 0.0 2.0 0 . 0 2. 0 0 . 0 3.0 4.0 7 . 0 
24 . 0 70 0 0.0 3.0 2 . 0 5 0 0.0 1 . 0 3.0 4.0 
25 . 0 80 0 0.0 1.0 2.0 3 . 0 0.0 0 . 0 1 . 0 1. 0 
26 . 0 80 . 0 0 0 4.0 2 . 0 6 . 0 0.0 0.0 0 . 0 0 . 0 
27 0 AO 0 0 . 0 5 . 0 1 . 0 6 . 0 0.0 1 2 5 . A 7. 0 
28 0 90 . 0 1.0 6.0 2.0 9.0 0.0 0 . 0 2 .0 2.0 
29 0 90 0 0 0 0.0 1 . 0 1 . 0 0 . 0 0 . 0 1 . 0 1.0 
30 0 90 0 0.0 2 . 0 1 0 3 0 0 0 0 . 0 0 . 0 0.0 
31.0 100 . 0 0.0 34.7 15.3 50 . 0 0 0 1 . 0 0.0 1.0 
32 . 0 100 0 0 . 0 16 . 0 20 . 0 3n . o 2.0 3.0 3 . 0 8 . 0 
33 . 0 100 . 0 1.0 11 . 0 5.0 17 . 0 2 . 0 0 . 0 0 . 0 2 . 0 
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APPENDIX EIGHT 
·A' summary of the results of fitting the regression 
models to the data from the different generations 
at the three smaple sites. 
TABLE 24 
The result of fitting the regression model to the data from Venn 1980B. 
Age-group Intercept(a) Slope(b) SE b N F 
F 1+3 5.40 -0.150 13.9 29 67.0c 8~.5 
-0.179 16.2 
F 5 6.26 -0.070 18.7 29 81.6c 85.2 
-0.167 10.9 
F 6 7.22 -0.084 21.7 29 62.6c 81.5 
-0.206 12.3 
F T 7.54 -0.079 15.1 29 120.6c 89.5 
-0.183 9.1 
M 1 5.47 -0.064 55.0 29 28.8c 66.5 
-0.198 22.0 
M 2 6.41 -0.017 77-7 29 49.7c 77-7 
-0.190 13.9 
M 3 5.89 +0.025 64.5 29 72.5c 83.6 
-0.198 9.8 
M T 7.10 -0.005 29.8 29 77.0c 84.5 
-0.195 10.6 
f < o .oS" 
c. "' 
P < 0. OOJ 
F \G. '7<::f 
The regression of female total on distance for 
Venn 1980B. 
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The regression of male total on distance for 
Venn 1980B. 
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FIG. 81 
A test of the normality of the resi duals from 
Venn 1980B using probabi lity paper. 
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TABLE 25 
The results of fitting the regression model to the data of Venn 1981A. 
Age-group Intercept (a) Slope (b) SE b N F R2 
F 1+3 1.53 -0.044 152 . 0 42 5.6c 25 . 2 
-0.070 75.J 
F 5 4.02 -0.159 32.8 56 14. 8c 42.9 
-0.110 34.8 
F 6 2.88 -0.110 50 . 4 55 30.3c 62 . 0 
-0.098 41 . 4 
FT 4 . 56 -0.146 32.1 56 27.9c 59.4 
-0.121 28.4 
M 1 1.24 -o.o4o 178.5 38 16.6c 55 . 8 
-0.067 80.9 
r-t 2 2.80 -0.126 58 . 7 46 21.1c 57.2 
-0.131 42.4 
M 3 1.55 -0.046 38.4 48 37. 7c 70.1 
-0.061 77. 5 
M T 3.98 -0.157 J7.2 56 49.4c 72 . 5 
-0.163 26.3 
FIG. 82 
The regression of female total on distance for 
Venn 1981A. 
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The regression of male total on distance for 
Venn 1981A. 
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FIG. 84 
A test of the normality ot the residuals from 
Venn 1981A using probability paper. 
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TABLE 26 
The results of fitting the regression model to the data of Venn 1981B . 
Age-group Intercept(a) Slope(b) SE b N F R2 
F 1+3 1 . 67 - 0.071 )7 . 2 27 8 . 8b 17. 1 
F 5 ) . 52 - 0 . 128 15 . 4 31 45 . 5c 60 . 1 
F 6 4 . 29 - 0 . 101 16. 1 31 48 . 7c 61.8 
F T 4 . 73 - 0.107 1).5 31 62 . 3c 67 . 4 
FIG. 85 
The regression of female total on distance for 
Venn 1981B. 
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FIG. 86 
The change in the male total with distance for 
Venn 1981B. 
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A test or the normality of the res iduals f r om 
Venn 1981 B using probability paper. 
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TABLE 27 
The results of fitting the .regression mo~el to the data of Great 
Englebourne 19808 . 
Age-group Intercept(a) Slope(b) SE b N F R2 
F 1+3 0 . 76 -0.053 57- 5 6 3 . 0 28.6 
F 5 3 . 78 -0 . 133 24. 3 17 17 . 0 
c 50.0 
F 6 4 . 54 -0.209 12.9 17 60.3c 78 . 7 
F T 4. 89 - 0 . 165 12.4 17 65 . 8c 80. 2 
M 1 0 . 51 -0.044 58 . 4 5 3.0 32. 9 
M 2 2.70 - 0 .122 27.4 14 13 . 6b 49 .3 
M 3 2.87 -0 .111 30.0 17 11 . 2b 38. 9 
M T 3.76 -0. 146 23.6 17 18.1c 51. 6 
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FIG. 88 
The regression or female t otal on distance for 
Great Englebour ne 1980B. 
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FIG. 89 
The regression of male total on distance for 
Great Englebourne 1980B. 
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FIG. 90 
A test of the normality of the residuals from 
Great Englebourne 1980B using probability paper. 
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TABLE 28 
The results of fitting the regression model to the data of Great 
Englebourne 1981A. 
Age-group Intercept(a) Slope( b) SE b N F R2 
F 1+3 0 . 44 -0 . 034 85 . 0 21 8 . 2b 42 . 0 
F 5 0.91 -0.049 40.2 35 74.8c 81.3 
F 6 1.38 -0 . 139 18 . 0 27 52 . 0c 79 - 7 
FT 1.77 -0.090 18.4 38 136. 1c 88 . 0 
M 1 -0.04 +0.025 253 . 2 16 17. 4c 68 . 5 
M 2 1.45 -0.133 19 . 2 22 56. 5c 84. 1 
M 3 0 . 69 -0 . 057 41.6 26 105.3c 89.3 
M T 1.69 -0 . 131 20.5 32 81.5c 83.9 
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The regression of female total on distance for 
Great Englebourne 1981A. 
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The regression of male total on distance for 
Great Englebourne 1981A. 
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FIG. 93 
A test of the normality of the residuals from 
Great Englebourne 1981A usimg probability paper. 
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TABLE 29 
The resu:ts of fitting the regression model to the data of Seale Hayne 
1980B (trap line 1 = traps 1- 10 + 50-63) 
Age-group Intercept(a) Slope(b) 
F 1+3 O. JO -0 . 008 
F 5 2 . 55 -0 . 059 
F 6 2.87 - 0 . 218 
FT 3 .)1 -0 . 102 
M 1 - 0 . 14 +0.034 
M 2 1 . 31 - 0 . 074 
M 3 1. 77 -0 . 116 
M 2 . 66 -0.158 
SE b 
530 . 0 
106 . 6 
20 . 3 
52.1 
49-3 
58 . 8 
40 . 8 
N 
9 
24 
23 
24 
6 
16 
17 
19 
F R2 
2.9 J1. 7 
3 . 4 16 . 9 
33.9c 74. 9 
9.0b 41 . 0 
4.1 38 . 5 
2. 9 11 . 2 
6 . oa 23 . 8 
28 . 5c 60 . 4 
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FIG. 94: 
The regression of female total on distance for the first 
trap line (trap1-10,12-46) of Seale Hayne 1980B. 
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FIG. 95 
The regression of male total on distance for the first 
trap line (traps1-10+12-46) of Seale Hayne 1980B. 
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FIG. 96 
A test of the normality of the residuals from the first 
trap line of Seale Hayne 1980B. 
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TABLE 30 
The results of fitting the regression model to the data from Seale Hay 
Seale Hayne 19808 (trap line 2 = traps 1-10 + 12-46) 
Age-group Intercept(a) Slope(b) SE b N F R2 
F 1+3 - 1 . 22 +0 . 063 14o . 8 12 3-3 39 . 1 
+0.089 112 . 1 
F 5 6 . 63 - 0 . 272 19 . 8 9 . 9c 46 . 4 
- 0 . 227 23 . 8 
F 6 2 . 45 -0 . 093 63 . 1 42 6 . 8b 36 . 2 
-0. 028 219 . 1 
FT 5 -79 -0. 206 19 . 0 43 15 . 3c 57- 7 
M 1 1. 89 -0 . 061 120 . 0 16 3. 9c 27.1 
-0 . 120 59 . 8 
M 2 4 . 24 -0. 147 lt2 . 2 36 lt . 6a 17 . 0 
-0 . 205 33 -5 
M 3 3. 19 -0 . 098 62 . 3 36 1.6 3 . 1 
-0.119 57. 0 
M T 5 -39 - 0 . 176 29. lt 39 6 . 6b 22 . 7 
- 0.208 28 . 2 
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FIG. 97 
The regression of female total on distance for the second 
trap line (traps 1-10+50-63) of Seale Hayne 1980B. 
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FIG . 98 
The regr ession or male t otal on distance r or the second 
trap line (traps 1- 10, 50- 63) or Seale Hayne 1980B . 
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FIG. 99 
A test of the normality of the residuals from the second 
trap line of Seale Hayne 1980B using probability paper . 
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TABLE 31 
) 
The results of the fitting of the regression model to the data of 
Seale Hayne 1980B (traps 1- 15 only ) . 
Age- group Intercept(a) Slope{b) SE b N F R2 
F 1+3 0.59 -0 . 071 190 . 0 6 2 .1 30.0 
F 5 3 - 93 - 0 . 286 24.0 15 9.9b 65 . 5 
F 6 3.26 -0 .269 26 .1 15 13 . 4b 72 . 7 
F T 4 . 36 -0.263 14. 3 15 33.8c 87 . 5 
M 1 -0.04 +0 . 012 116.0 7 0 . 7 -4.6 
M 2 1. 55 -0. 126 42 . 7 13 5 . 5a 27 . 4 
M 3 1. 72 - 0 .093 90 . 4 14 3 . 4 15 . 4 
M T 2.59 -0 . 130 31.6 14 
b 40 . 9 10. 0 
FIG. 100 
The regression of female total on distance for 
traps 1-15 of Seale Hayne 198oa. 
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FIG. 101 
The regression of male total on distance for 
traps 1-15 of Seale Hayne 1980~. 
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FIG. 102 
A test of the normality of the residuals from 
SEALE HAYNE 198os(traps 1-15) using prob~bility paper. 
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TABLE 32 
The results of fitting the regression model t o the data f rom 
Seale Hayne 1980C. 
Age-group Intercept(a) Slope(b) SE b N F R2 
F 1+3 * 
F 5 2 . 45 -0.166 22.3 20 7 . 7a 51. 4 
F 6 2.51 -0 . 121 42 . 8 19 2.6 20.6 
F T 3.03 - 0 . 130 3 9 . 1 20 4 . 4a 34.9 
M 1 • 
M 2 1.15 -0.064 81.6 14 1 .5 
M 3 0 . 86 -0.054 72 . 6 12 1.9 
M T 1 . 99 - 0 .119 38.2 16 27.9 
* No flies caught 
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FIG. 103 
The regression of female total on distance for 
Seale Hayne 1980c. 
4 • 
3 
2 
1 
0 
-2 
Loge Y=3.031-0.130x+0.117Z1+1.312Z2 
2 R =34.9% 
• 
• • 
• 
• 
-3~-------~~----.------.--------.~ 
200 0 100 
Distance (m) 
F I G. 104, 
A test or the normality of the residuals from 
Reale Hayne 1980C and Seale Hayne 1981c using 
Pr obability paper. 
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TABLE 33 
The results of fitting the J;"egreS:'Jion model t o the data from 
Seale Hayne 1981A . 
Age-group Intercept(a) Slope(b) SE b N F 
F 1+3 * 
F 5 4 . 02 - 0 .356 19. 2 32 18.2c 
F 6 3.61 - 0 .351 15 . 2 31 32.2c 
F T 4 . 74 -0.391 31.4 33 26 . 7c 
M 1 
-0.05 +0.071 29 . 0 7 11 . 9a 
M 2 1.07 -0.090 48 . 6 21 4.2 
M 3 1 . 35 - 0 . 061 65 . 1 23 2 . 4 
M T 1 . 89 -0.114 41.6 2 9 5 . 7a 
* No flies caught 
R2 
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FIG. 10 6 
The regr ession of male total on distance f or 
Seale Hayne 1981 A. 
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FIG. 107 
A test of the normality of the residuals from 
Seale Hayne 1981A using probability paper. 
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TABLE 34 
The results of fitting the regression model to the data from 
Seale Hayne 1981C. 
Age-group Intercept (a ) Slope ( b ) SE b N F 
F 1+3 * 
F 5 0.27 +0 . 014 504.4 14 6.8a 
F 6 0.57 -0.063 87.6 19 4.3 
F T 1.31 -0.127 41.2 24 11 . 7b 
M 1 * 
M 2 0.60 -0.059 62 .0 5 2.6 
M 3 0.58 -0.027 176.3 9 0 .3 
M T 0.79 -0.041 101.7 12 1 .0 
* No flies caught 
R2 
47.3 
35.4 
58 .3 
28.5 
-9-3 
-0.3 
FIG. 108 
The regression of female total on distance for 
Seale Hayne 1981C. 
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